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This study on the evolution of aircreft power-operated gun turrets 
surveys the major factors influencing the development of aireraft arma- 
ment, the prevailing policies regarding armament, the basle assumptions 
concerning fire power, the orgonizntions responsible for the development 
of alroraft armanent, and the resources in men, funds, and experience 

@ avallable to those organizations, It is not an engineering study; rather 
it is an appraisal of the evolution of power turrets. ‘The development 
of fire power policy was of crucial importance, for once the concent had 
been accepted, there was almost no limit on the refinements possible. 


The following calendar should enable the reader to follow without 
confusion the shifting nomenclatara of organizations which appear in the 
text: 


1919 - 1926 Engineering Division, Air Service, at MeCook 
Field with representative in Vashington office, 


15 October 1926 Materiel Division, Air Coros established at 
Wright Peld; Liaison Section at Washington. 


e 2 October 1939 Chief, Uateriel Division moved to Vashington: 
Assistant Ohlef established at Vright Field. 


9 March 1942 Materiel Division, “‘ashington redesignated 
Materiel Command; Wright Field office redesignated 
Materiel Center. 


29 Mareh 1943 Washington office beeame Assistant Chief of Air 
Staff, Materlel, Maintenance, & Distribution 
(AC/AS, MM&D); Mater4el Center at. right Field 
redesignated Interiel Command. 


17-19 July AG/AS, MU&D redesignated 40/AS, N&S; Office of 
1944 Director, Materiel & Services established with 
headquarters at Patterson Field, The Director, 
MOS was responsible to AC/AS, M&S, Washington, and 
he had jurisdiction over Air Service Command, Pat~- 
@ terson Field and Materiel Command, Wright Field. 


31 sugust 1944 Materiel Command, Wright Meld and Air Service 
Command, Patterson Field combined and redesignated 
as Air Technical Service Command (ATSC) with head- 
quarters at uright Field, 


Since this study is concerned primarily with the evolution of the 
@ basic principles and earliest working models of aircraft turrets, the 
contributions of the Provlur Ground Command to subsequent engineering 
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refinements are not reflected here. The directive of 1 Aprii 1942 
astablishins the Proving Ground Command at Zglin Field required that 
agency ‘within the limits of available facilities and priorities” to 
undertake such tests "as may be requested by the Commanding General, 

Alr Forces Muteriel Command," Yet its primary concern was with tests 

from the point of view of the combat crews who would ultimately use the 
equipnent rather than from the technical viewpoint of the Materiel Command, 
and it sought repeatedly to avoid experimental and developmental woric. 
Consequentiy its influence in the initial research phase was minor in 
eomparison with that of the Haterlel Command, 


It might be noted, however, that of a total of 1,433 service tests 
activated at Belin Field from 1940 to 1 July 1944 by the Proving Ground 
Command and its predecessors, 379 dealt with aircraft weanons and related 
equipnent, <A number of modifications which made the original equipment 
suitable for combat use--the Briges retractable ball turret and Bell 
tall turret on the B-17 and the Emerson ball turret and Southern Air- 
eraft Corporation tail turret on the 3-24, for example~-were recommended 
by the Proving Ground Commard. 


The chief emphasis in this monograrh ir on the research and develop- 
ment of those aircraft enn turrets which actually caw service in combet. 
Because of the inevitable tine lag between the firct exverimental models 
and quantity production, moct of the story deale with the years prior 
to 1943, By that date the basic problems of turret design had been 
solved, 


The monograph was prepered in the ATSC Historical Office by Capt. 
Jirving 3. Holley, Jr. Readers familiar wlth the subject matter are 
invited to furnieh the Air Historical Cffice with eriticisns. 
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Modified Searff ring installation mounting twin 
Lewis guns, Note the elastic-cord elevation ad- 
justment compensation device. 1920, 
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Chapter I 
TURRST OXIGINS, 1917-1939 
e@ The French called it a tourelle, the British called it a Scarff 


ring, and the SCermans had still another name for it, but ell were 

siaply variations of the same thing, an ingenious ring mount perfected 

in Encland by \.arrant Officer Scarff of the Royal Naval Air Service, 

By the end of <orid war I this ring, in one of its several modifications, 

was everywhere the accepted standard mounting for fiexible aircraft 

machine puns, and increasingly the word burret"came into general usave 
 ) to describe it, 

The earliest orld .ar I turrets usually consisted of circular 
plywood tracks slotted to carry forked machine-)un adapters riding on 
hardwood casters. They were cumbersome and unmenayeable; the wood 
wirped and bound with ever’ flexing of the aircraft fuselage: and 
manipulation, even at the lapgard air speeds of that day, was complicated 
by the fact thet the sunner never hed enough hands to perform the many 
operations involved in training his puns, fhe major objection to these 
early turrets, however, crew cut of the difficulties encountered in 

S bringing suns to bear on elusive aerial targets, oblicks from above 
left the zunner kneeling in his cocknit, while attacks from below found 


him climbing to his seat te sirht over the nlane's edge, 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


4. SHS—54 sliebi Tan Fatt 2 


The Searff mount, with its adjustable elevation attachment counter- 


balanced by elastic shock cord and its backrest rotation assistor, over- 


cane many of these difficulties, By the end of the war Allied aircraft 

were using twin Lewis suns in Scarff rings perfected sufficiently to 

permit firine a single off-center gun without adverse slewing effect, 
® and French manutacturers were turning out machined-aluminum turrets 
differentiated in type between nose and tail, But even these technical 
advances were recognized as unsatisfactory at the time of the arzistice, 
and commentators summing up the lessons of the war were svecific in 
their warnings to the future, Officers with war experience reveatedly 
stressed two imperative requirements: first, to devise some means for 
overcoming the effects of high-speed slipstresms upon flexible guns; 
and second, to perfect 4 satisfactory method of covering the lower 
gquartersphere behind the tail with protective gunfire, 

From the end of the war onward, Army spokesmen declared that the 
high speeds of modern airplanes made manual operation of flexible guns 
é@lnost an impossibility, and as early as 1923 a French air officer 
from the Centre at sbudes de 1! Aeronauticue predicted that the practical 
difficulties of constructing 4 mount to overcome the adverse effects of 
slipstream would lead eventually to electrically operated turrets.” 
@ These same analysts were ecually emphatic in discussing the second 


probleu, tail fire coverage. Cne said, "Tho exneriences during the 


1. Lecture by H. O. Nussell, 23 May 1921, in .F Lib., D70/7i. 
2, ‘“Ajreraft Anracent,"* 22 Aug. 1923, by Capt. Uagnaux of the Centre 
dtltudes de l'Aeronautique, France (trenslation; hereafter cited 
o& ag Dagnaux, ‘aircraft Armament't), in \F Lib., D70/18. 
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2 latter part of the war have pressed home the need for another type of 

flexible sun installation to protect the region beneath the fuselage 

and under tae tail. During the war this was the favorite region for 

the enemy to attack from." Others predicted that 1918 versions of 

lower puns sighted from the upper turret by neans of tracers would be 
@ replaced with remote control systems for tail cone coverages? 


The patterns for future development had been well defined, but 


difficulties in the way of a practical realization of these goals were 
far from few. To begin with, american turret manufacturers had hurried 
off to a false start producing ring mounts designed on earlier single- 
gun versions which were obsolete by the end of the war, smerican mounts 
on DH-J, airnlanes arriving in France were found to be inadequate, and 
French mounts had to he substituted for them. It was reported that there 
was nothing inherently wrong with the Auwerican products; they simply were 
not strong encuch to bear the weight of twin Lewis suns. 

The relatively unlimited productive capacity of samerican manu 
facturers was canceled out either by a lack of up-to-date technical 
intelligence or an inebility to maintain a sufficiently flexible modifica- 
tion systeme” Tt is not surprising that aireraft armament development 
dropped back to a walk ai'ter the Armistice, The manufacturers nost 
@ lively to produce innovetions were turning out obsolete equipment at the 


end of the war, and exactly one year after the 4rnistice only two 


3. Lecture by Hq. 0. Hussell, 23 May 1921. 

4, vagnaux, “Aircraft sruanent." 

5. Ghief, Tech, Sec,, 2% to Dir., 45, 16 Nov. i916, in WF Lib,, 
e 72.11/33. 
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commercial firrs were working on sovernment contracts in aircraft arma— 
ment accessories, Consequently, the burden of development feli almost 
inevitably upon the Air Service's Engineering Division. 

with respect to the preblen of slipstream, an AGP report of 
Noveuber 1918 wnich described the deficiencies ot Lmerican ring mounts 
was scccuprnied by arawines of a French-desiened vind compensator which 
was recomvended for production, since only with great difficulty could 
an obo omer hendle twin Lewis «uns ut nigh albitudes and high speeds, 
Although this recow'endation cane Prom tae frowt and carried with it 
the moral authentication of coxbet service, the wind compensator wes 
actually Little more thei aq experimental model withoub avlequate service 
testine to agprove it.’ Acting on the recormenaubion, however, the air 
Service spent most of the next 1O years perfecting « wind-compensating 
mounting ring. 

wind cotpensators took meny forzs, although all were but variations 
of two basis principles, One, the wind vane system, counterbalanced the 
affects of slipstrear on the cun swazles by nountine vanes or rudders 
projecting fro. the opposite side of the ring. The other system, an 
arrangement of springs within the structure of the ring, cttenpted to 
neutralize all drag on the suns by mechanical tension, Variations on 
these two themes were rcLively considered almost down to the very eve 


of orld iar IT, 


6& List of manufacturers producing aircraft materiel on government 
orders, 21 Nov. 1919, in .F Lib., 0613/7. 
Te Gayneun, “alreraft armaaent." 
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Tne preeninent factor adversely affecting aircraft armament in the 
early 1920's was the forwal adoption in 1923 of aircraft type specifica 
tions, a move toward standardization whieh led 4 ilcUook Field armament 
Lecturer to say: “Ey this seane all desipn peculiarities incident to 
varied manufacturing sources have been elininatea."= It is true that a 
large measure of standardization waa achieved, but the policy of elimi- 
nating "design neculiarities"” stultified creative development at its 
origin, and for a dagen years aireraft manufacturers showed little or 
no ingenuity in offerins novel armament installations, 

Innovations in flexible rurnery seemed anathema to the Air Servica, 
& patented power drive submitted to the service by its inventor was 
rajected by the Chief of the armament lection because it was excessively 
heavy, because it was difficult to miintain in view of its unusual 
number of parts, and because "It is power driven, which seems unnecessary 
in a device to carry machine guns for defensive rurposes."” The power 
turret seemed to be aliost sedulously avoided. 

To appreciate official skepticism of unusucl ideas, however, it is 
important to realize that the sir Cervice was almost constantly besieged 
with © bizarre array of oatented devices which the inventors confidently 
claimed as the source of certain salvation and the solution of all arra- 
meat problens, For example, there was the Tierce "converring-diverging" 


gun mount which, the inventor assured all comers, would trap an attacking 


8, "Aircraft Development since the armistice," lecture prepared for 
AS Leserve Officers, I‘cGook Fid,, rev. 6 June 1923, in iF Lib., 
C50.02/18. 

Qe Chief, Arm. Sec. to Chief, Eng. viv., a5, 2 Lay 1923, U.S. Fetent 
1,451,197, in 545 47355 
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plane in a circle of fire when = series of whirling machine guns were 
directed at it in ever lessening concentric circles. ‘This ballistic 
monstrosity was brushed off by the Air Service after being given a fair 
test, but the Nevy's Bureau of Crdnance, distrustful of the Air Service, 
recuested the mechanism for further independent besbings 

The years iusrediately following the war produced a number of 
pabents and inventions pectaining to flexible punnery, but none was 
revolutionary. An Italien manufacturer offered a three-gun post mount 
with a coapensating seating, arrangement, ¢ Frenchman patented a remote 
control system using pulleys and cables, and an American offered an 
inproved wind vane compensetors; but none represented really substantial 
changes over the technical advances achieved at the end of yorld .zar I. 

The standard Air Service mount on postwar equipment was a 26~pound 
ring described as an "adaptation of the English Gearff type based upon 
previous French types." It had 4 compensator designed to counterbalance 
twin Lewis runs, holding thar in equilibrium amainst the slipstream for 
all angular positions of the revolving ring throughout a spsed range of 
109 to 160 uph, ir Service tests demonstrated that a force of 52 pounds 
wags necessary to move the funs broadside to the slinstream at 100 mphe 
it 160 mph, 106 pounds were rewired, The compensator spring and gear 
system was so arranced that it reached maximern compression when noving 


with the wind to the tail and utilized this tension to an advantage of 


10, Chief, Ludrd to Chie?, a, 2 Marc. 1922, in ibid. 
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sone 80 pounds when moving in the opposite direction av-tust the slip- 
stream, > The practical limitations of such a device were obvicus; but 
as Long as the provle: of flexible frunnery was considered in terms of 
foot-rounds required for opsrabion rather then essentially one of smooth 
tracking =nd gishtiny, the wing compensator pronised to be an effective 
©} solution to the turret problem until alrplane performance climbed con 
siderably beycnd sir speeds then current. 


=srly in 1923 the Third ittack Group at Nelly Field, Texas, sub- 


ritted a lone, detailed couinsent report to the fnvineerine Division 
proposing various ivrrover.ents aad surrestine lines of developamt 
inspired by the eroup's extensive operational training exercises. <Anong 
other itezs, the Third .ttack Group reported that the service 2s 4 whole 
@ needed 2 turret mount which could be operated with speed end comfort 
inasuuch as the existing tyne required tremendous exertion on the part 
of the sunner even to move the turret slowly. The croup further reported, 
confirming earlier opinions, that experiments clearly indicated that 
remote mounts depending upon tracer for sighting were a waste of 
ammunition. 
The Onagineering Division at Melook Field maintained that tracer~ 
sirhted, reacbely mounted suns were precticable and revealed thab it was 
@ currently considering a4 125-lb., motor-driven mount for a flexible .50- 
eal. machine pun. Jo expenditure order was ever drawn for this in- 
sballation, however, 30 apparently it remained in the discussion stage, 


Zyvperiments of this nature were almost inevitably assured of shelving, 


ll. Armament, /c Tactical School, Langley Fld. course outline, 1924-25, 
p. 41, in .F Lib., D70/92, 


Ho Ps ae 
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not so much because of an unprogressive or conservative attitude on 
the mart of the division, but rather as a result of the limitations of 
the day. Cngines of 400 hp curtailed most armament developments to 
theoretical projections of installations “available for use should an 
airplane ever be evolved canable of carryine the load," 

The “ngineering Division was enthusiastic about tne Third Attack 
Group's suggestions as a whole, howcver, pointing out to the Chief of 
the ir service that such a report illustrated the "reat value to the 
Cnpineerins Division of the interchange of raquirements and ideas made 
nossible by renorts of this nature," and conpiained that in the past 
there had been too few such reports from tactical organizations actually 
usiay the eguipment developed by the division. "In fact," the divisionts 
indorsement continued, “there has always been a feeling . . . at the 
kingineering Division that it was rather difficult to find owt execbly 
what the service desirea in the way of equipaent u-? 

The difficulties of correlatine tactical reauirements with Xncineer- 
ing Division activities were further corplicated by tae prevailing lack 
of skilled sir Cervice technicians whose detailed criticisms night be 
expected to provide the division with a working basis for rerfecting 
existing egnipment and planning novel installations. The Third Attack 
Group cited the need for trained armorers and armament officers and 
indicated the difficulties encountered in performine satisfactory service 


tests on aruament equipment withonk ther. 


12. Chief, Car. Div., Uctook Fld., to Chief, Ao, 30 Oct. 1923, with 
coments on Kenort of Oneratbions of Third Attack Group, Kelly Fid., 
F Lib., 152.1/1L9. 
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Thewhole nroblem of armament officers was discussed in the Lengley 
Yield .ir cervice Tactical School in 1924. The school's course outline 
held that a good arnament officer "like a good engineer officer should 
be alert to aaticipate and avoid breakages and faiiures" and should 
hive a desire to investigate feilures personally, "Too frequently," 
the outline candidly proclaimed, "bhis latter qualification is over- 
looked, and an officer is made an ornament officer chiefly because 


13 If this blunt statement were 


there is nothing else he can ca." 
entirely true, it wuld in itself exrlain the noticeable postwar slump 
in flexible gunnery as compared with fixed gunnery. 

The primary interest in fiacd gunnery, however, probably grew out 
of two more positive factors. To begin with, the prevailing custom of 
usinr coumissloned pilots in fixedefun pursuits aad enlisted gunners at 
bonbardnent flexible-cun positions would almost undoubtedly nlace the 
eqrhasis of interest upon fixed runnery. Yeyond this, such attention 
to fixed pumnery was virtuslly assvred by the accepted poliey of resuir- 
ing all armament officers at the proup and syusdron Jevel to be rated 
pilots, The tactical school exyressed the prevailing line of thought 
in saying, "Cucerience hss oroved thab best results can be obtained 
only wien this important staff officer has the flyer's point of view," 
This no one would disrate, but the argument continued: "For this 
reason it is heid tnat the prinary qualificutioa for a oquadron or 
Group aruanent Cfficer is that he te a nilot."' There was no widespread 


accepbunce of the later practice of courissioning nonpilot flying 


13, «IrMrigment, Ao Tacbical School course outline, 1924-25. 
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persomel for bombardzent duties, and the term "flyer" was accepted as 
syncnymous with pilot, This anathy toward flexible gunnery is further 
substantiated by a report in 1927 of serial activities at Fort Crockett, 
where "a very keen interest in fixed sun practice was displayed by the 
students of the cchool Group and only a mild interest in flexible 
gunnery." 

Another index to the trend of armament interest is found in the 
armament course ab LieGook Field, which devobed only 9 hours in 1926 
to small aras, machine guns, flexible mounts, sights, and accessories, 
and 27 hours to fixed-sun instellationa.”? The Wight Field Carineer— 
ine wchool armirent course petween 1928 and 1930 devoted three-fifths 
of the allotted time to bombs oni bombing, one-fifth the time ta the 
entire subject of machine guns and machine-pin icunts, and an equal 
time to pyrotechnics! The proclaimed object of the course wes to 
instruct the class in standard aircraft armament and "to show the 
necessity, if any, of improving present standard equipnent,"~° Fliexible 
sunnery seemed to have becote the Air Service's stenchild despite the 
lessons of “orld .ar I, 

However, it is important not to Jose sight of the limitations of 
the dey when considerinre the evolution of the turret, In 1928 the 
Bombardment Loard recormended the procurement of 2 new experimental 
rodel twin-er-tine bother capable of carrying 4 1,200-lb. bomb load and 


& crew of three at a speed of 169 mph in a L50~cile operating radius. 


14. Chief, Arm. Er. to Chief, TDS, 29 Nov. 1927, in ALG 473.5. 

15, "“Aireraft Srnament,' heSeok Fld. course outline, 1926, in uF 
Lib,., 170/80. 

16. "Armament Course Cutline," AG une, School, arieht Fld., 1926, 
in UF Libs, 070/90. 
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(ithin the performence Limitations of such an airplane, the contemporary 
arsanent development dees not seem so retarded. ‘The same board that 
wade the recommendation mentioned above considered the existing service 
ring mount es "definitely unsatisfactory" and tending to become more 
unsatisfactory with incressing bomber speeds, 

Two flexible mounts, the D6 ring, a variation of the spring compen~ 
sated type, and the 4-3, a post mount with a ball and socket connection, 
were developed in the Late 1920's for service testing; but the Bombardment 
Board's report did little more than repeat the old theme: “A ore 
satisfectory flexible pun tount is necessary for the purpose of inereas~ 
ing maneuverability ot the puns when operated in the slipstream," ! This 
annually reiterated ples had reverberations elsewhere, 

In 1928 an Crdnence Jepartment officer, Capt. u. C. Coupland, who 
was to become sir Ordnance Officer on General dirnold's staff in ‘orld 
av IL, surveyed the aircraft armement problem in an unpublished magazine 
article waich questioned the wisdom of the .ir Service's over-all concept 
of fire power, «after Torld Jar I, Coupland had been chief of the arma- 
neit orgenization at MieGook Field when aircraft armament was still an 
Ordnance responsibility. ‘hen the Air Gores took over this responsi~ 
bility, Coupland stayed on as a lisison officer between the air Corps 
and the Oranance Department, ena it was in this canacity that he prepared 
his article, "Gombardment policy," the article maintained, "sives 


secondury consideration to protective armament," which is the ‘truly 


17, AC Tech. ept., "Armament Eouipment on Howbhardment sirplanes," 
3 April 192°, in uF Lib., 070/23. 
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military phase of aeronautics, and tne actual nersonnel allotted to 

carry on the development of this work is extremely small; assistance 

from tne cousercial world is negligible; creative interest is needed." 
The article was never published, The Chief of the Technical Data 

branch at |. rient Field, Chio, felt that it was poor publicity for the 

Y Air Corps, "The subject is not treated in a sympathetic tone from 

the aircraft viewnoint; his Lreatment of 4ir Corps armament disnosition 

is eritice]," Geinc critical was, of course, exactly what the author 


intended, ani as a result, Vej, Leslie Machill, Jhief of the Exneri-~ 


mental ongineering Leetion, ordered the article withheld from nublice~ 
tion and retained for cireulstion iihin the office where, he said, the 
question of alreraft arsoaent poliey ricntly ecntered. 

@ Parcughout the carly 1930's ,cieht Field personnel pressed the 
search for a satisfactory aerial pun mount. «a number of solutions were 
proposad, some to be rejected ievediately, others to be developed to the 
testing stupe, scveral truck «nd track rotary mounts were tried with 
varying success; the exsedieat of rounbiny a sineie gun on either side 
of an open cockpit was rejected on the basis of excessive weight, while 
center post mounts failed beczuse they imposed such w restricted field 
of fire, % swivel arm mount which gave wide freedom of motion seemed 

® to offer most pronise and was marked for developuents 


In an attennt to overcone the evils of slipstream, 2 machine 


manufacturer submitted a workine sayple of a flLexitle sun mount driven 


if. "hLireraft armament; U.o, iray Developments,” by Capt. Re C. 
@ Coupland, urd, cent., fug. 1926, unpublished article, with 
corresrondence and inds., in uF Lib., 970/91. 
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by two sets of vanually operated worms and gears through a wide fleld 
of fire. The <.rmanent branch tested this apparatus in flight with an 
aerial caserduhich proved taat tae cumbersome gear train made it almost 
iapossible for @ gunner to track nis target. ‘tne mount was returned to 
the manufacturer, and the Armanent Branch recommended that "no further 
consideration be given the investigation of remotely controlled flexible 
euns."t? 

Armament Branch studies of possible power drives for turrets, 
jneluding electric mctors, wind turoines, and engine gear trains, led 
to the esnclusion that a "desien of such principle could easily be 
made't but "any action of a flexible mun dependine upon movement of a 
train of vears would be slowed down, and would lose its flexibility to 
aA measure that it would handicap the eunner, haunering him in what 
approaches almost instantaneous chances of position as required of the 
funner in the present stage of serial gunnerys"" 

If a solution to the probler of overcoming slipstream was slow in 
couing, consideration of protective coverage in the area beneath the 
tail was equally troubled, Primarily, tais was a ouestion of aircraft 
desipn, and arcanent development in that respect could not progress 


apart from airersft evolution. As early as 1923 the Handbook on /ir- 


plane Flexible Gun Mount and Accessories pointed out that "shooting 


through the floor of the cockpit is infsuenced greatly by the design 


19, AG Tech, Kpt., "Test of flexible pun mount, remotely controlled,® 
11 Feb, 1931, in WF Lib., Doo 12 w/3k05. 

20, AG Tech. upt., *Study to determine possible advantages and develop- 
ment of mounting machine puns flexibly on various principles of 
mounts," 19 Jov. 1929, in .T Lib,, Doo 12 w/3170- 
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of the sirplane; hence it is practicslly impossible to obtain & mount 
of this type which can be used universally on airplenes of different 
desiga.' 

The Boeubardment Soard, considering the Boeing Xs-9 in June 1931, 
noted that the type specifications called for » floor pun, which had 
been taken into consideration by Toeinz; but the board felt that since 
the under area could be "fairly well covered through depressed fire on 
account of the relatively narrow fusclage dimension together with the 
fuct that serious structural difficulties wouid be encountered because 
of the monocoyue desivn employed, this idea was dispensed with." 

The floor gun mount of the 1933!s penersliy took the form of a 
swivel clurn wountbed on the eage of a rectangular opening constricting 
the field of fire to « relatively liuited sone, but experimental work 
wes under way at .ricsht Field projecting several lines of potential 
develoonent, Cne version of a lower gun proposed a sliding seat mount 
hun; below the fuselage cad retracted by springs; while another, a 
rotating tank mount, extended adaetallic cylinder below the fuselare by 
a systen of eprinss ss in the first version with the adaitional feature 
of shieldins the sunner from the slipstream, but oniy so lone as the 
gunner fired aft, It was proposed to assist the rotation of this mount 


23 


by raising semarnhore-shaped vanes on one side or tne other. 


21. Handbook cn sirplizne Flexible Gun Mounts and Accessories, Lctnok 
Pld., tov. 1923, in - Lib., 072,11/25. 

22. “Ro Mewo pet., 24 June 1931, in Ari, lab. File, coeing T1b-9 
Gontrect AC=4537. 

23, 30 Zech. Rot., “Study of cethod of mounting » Floor gun in a 
boubarcnent airnleaz,t 10 Dec. 1930, in WF Lib., foo 12 w/3355. 
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Tn 1931 the Lateriel tbivision was concerned over the facb that no 
extended firing tesi- i 1 been conducted to determine the effectiveness 
of floor puna mounts in covering the lower retr quartersphere. The 
division enlef recorted to the Caief of tne alr Corrs the b with the 
excertion of un expericental retrachable platform designed and installed, 
no crest amount of develope it work had been devoted to the nrajects a 
flarry of iIndorssnents stirred un by a testins directive, issued after 
the Lateriel Divisiea's pessinisbic renort, revealed that the wervice 
had covparatively Littie to offer the licteriel Livision in the way of 
novel or usePilt surcestions.“ 

Perallel with the trend of development in bombardment defensive 
fire, and setunlly a part of that development, was the question of 
trensiticn fron caliber-.30 to caliber~,50 machine curs. Plans to 
ubilize the caliber-.50 were continuously active at Uripht Field but 
received « low priority “because of the urvency of more important 
develorirent wore”? Tae guarterly test of airplanes with full military 
equiprent, as required by the General Staff, was to be conducted in 1933 
with bombardment airplanes carrying one flexible aircraft machine gun, 
ealiber-,50, Srowinr, in the rear punner's cackpit "for exch third 
bonbardment cirplane,” but at the time there were no available flexible 
mounts for flexible .50's and no .5%5 in stocks° In 1933 the Materiel 
Givision listed as standard the D6 ring mount with elevation clasp lock 


and azimuth crank and pinion. Ginilarly classified were all such old 


AY 
2h. Chief, 1D (WF) to J/2C, 6 duly 1931, with inds.,/"oG A73.5. 
25, Chief, Db (..°) te C/U, with iads., 10 Kareh 1933, in ibid, 
26, Leno, Chief, ‘ateriel Liaison Sec, to Nxee., x1, 15 Feb. 1933, 
in ibid. 
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Type 4 vines with elastic exerciser cord elevation counterbalances as 


eq the art and practice of flexible gumery had 


reniined in stack. 
apparently advanced but little in the sir Corps from the time of the 
Armistice in 1918, 

Any further consideration of Air Corps turret development would 
lack perspective without come indication of contemporary European 
rolicy and development of bouibardwent defensive fire power, 4A cursory 
survey of aircraft armament trends across the Atlantic reveals that 
bember defense was the subject of much speculation by all the major 
powers, and in fome cases extensive developments had been carried out 
with manufactured items, 

In the Netherlands, Frederick Koolhoven, the aircraft manufacturer 
of Rijswijk, was ouite certain thet he had a revolutionary invention at 
his disposai when, in 1927, he filed a patent for an aircraft gun 
"potatebly mounted and revoluble by reens of a source of mechanical 
energy controlled by the gunner,” a turret said to be capable of rota~ 
tion in azimuth speeds up to 120” per second at an indicated airspeed 
of 160 mph, This confident inventor had not actually perfected his 
claim, but offered numerous solutions for the problem of 4 power drive, 
including a suggested propeller-driven flywheel equipped with a friction- 
clutch power take-off, a battery-supplied electric drive, a hydraulic 
drive operating from 4 hand=rumped accumulator pressure, and a whole 
series of pneumatic and sear train power systems." Yooihoven!s 
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27, wm, "Stocklist of Aircraft Combat Usaterials," 
ae. "Description of Keolhoven liechanical Turret," by U, S, Lilitary 
attache, Frence, Rpt. 13,122-., 14 bec. 1927, in .P Lib., D72.11/57. 
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A truck and track type flexible mount for « single 
cal. .30 machine gun. when the handle is pulled 

away from the box, 4 cam relcases a locking mechanism, 
alloving the post mount to be re-positioned on 

the semicircular track. 1932. 
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inventions quite obviously represented little more than drawing poard 
wonders, but at the sane time they did mark the trend of Suropean 
interest, The 1927 Koolhoven patent conceived of the power turret as 
a rotating unit (guns, gamer, and mount), in contrast to the assisted 
notion flexible mount concept which rersisted in many cases unbil the 
eve of the second orld ‘are 

In France turret development seemed to have progressed but little 
since World war I, Modified Jearff rings remained in use until the 
middle 1930's, when plastic domes anpeared ay windshields, Lany exneri-~ 
mental dome shapes were tried; the sinple hemisphere such as that mounted 
on the Bloch-200, or the mushroom type of the Potez-54, whose jubting 
eige permitted an increased dowfire angle. Progress in dome develop- 
ment was delayed for a Long tine by the persistent use of twin Lewis 
gens, but the perfection of a reliable Srowning permitted domes to 
develop with a ginele fun slot whieh could be sealed against the slin- 
SULearis 

Early Britisgh*experiments in sealing by Pandley-Page favored 
zipper slot covers; but the trend of the future appeared with the 
Italian tri-motor borbers, which solved the problem by mounting twin 
guns on either side of the turret, with the gunner sifhting through a 
pane], between them, This, of course, raised the problem of optical 
distortions in sichting throurh the dome, but it offered «1 marked 
improvement over British unsealed dome slots, which required nose 


runners to wear gorrles and face masks for protection against the 


3 


blast inside the dome,” 
237. "Pre frobles of aircraft iymement,' in L'serophile, translation 
by U.S. lilitary .tbache for Jair, Trance, 23 (ct. 1936, in F 


Libs, D70/117. Ss enepaney 
Tree 
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Freach aircraft armament in actu.ul orictice lagged far behind 
Feench invention. In the 1930's patents were issued by the French 
Government on a wide ronze of arnement somtrolse In 1935 the Freach 
ilotchkiss Conpony patented sore electrie and hydraulic servo run con- 
trols, In 1936 al, wimeon pateibed en electrically driven lower bell 
turret with the punner in an Yembrya" position. Tne sume patent covered 
the principles of a device to co.neasste for parallox in turrets rexote 
fron the sichtins stations” In 1932 2 Freach petent was issued on 
rexote control systems employing vacuum tube cirewits for position 
control by use of the balanced field principle utilized in Toyratron 
control systeuss; but despite the fact that sueh advanced principles of 
control were avuilable, Trench bombers continued to apmear with turrets 
Little better than modifications of 19168 versions. 

One representative Trench aviation publication, L'xerorphile, 
suprested in 1936: "Ve may some day see a lone cunner stationed in an 
isolated turret directing automatically and at lone range" the fire 
of several guns. "Is it too oremature to think of it, is it "really 
ridiculous as seme have written’; the publication asked. This sussestion 
would seer to indicate, in the light of future developments, spectacularly 
lons-range vision, The szre oublication surgested that turrets night 
eventually disappear entirely as the increasing speed of bombers re~ 


stricted pursuit attack close to the bomber's axis of flight.?+ 


30, French Patents: Hotchkiss, 789,77€, 6 Nov. 1935; and Sicmeng, 
800,959, 23 duly 1936, 
Bi. “rhe Proolem of Aireraft urmament,” in Liserophile, pp. €&, ll. 
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In Germany, the imerican lilitary ittaché for air reported in 1935 
that German flexible cun mounts followed the universal standard of hoop 
rings sad spring compeasutors, but provided a web sling seat and wooden 
floor track to increase the sunner's maneuverability. The attaché even 
went so far as to sugsest thet the German sir liinistry might’ be approached 
in an effort to boy a sample for test at urisht Field,?” 

4 Geran writer, Fritz Hohm, reviewing the question of flexible 
gunnery up to 1935 in 2 Lengthy study on aircraft armament, indicated a 
thorough understandins of the difficulties encountered in flexible gun 


33 


operation under high combat aircraft accelerations’ ~ which made it next 


to impossible for a gunner to rise from his seat in a rapidly maneuver— 


34. 


ing planes Nevertheless, German aircraft designs reflected little 


interest in power turrets, although the Siemens Gompany procured a 

French patent in 1938 on an electric-drive nose turret,?? 

Ia 1930 Gianni Caproni, the Italian seronauticel engineer, secured 

a British patent on the idea of defendins bombers with a coubination of 
36 


top, tail, and lower retractable turrets, This was no drawing board 


dream. The Italien Caproni Ca-73 and Ca~7l. bonbers were equipped with 


32. “Aireraft Armament and Aecessories," by U.3, Lalitary Attache 
for air, Germany, apt. 14,354, 6 Dec. 1935, in UF Lib., 022,311/1. 

33. “cceleration® is a concept broader than "speed; it covers not 
only mph, but also the implications of gravity loads, the bane of 
hand-held pumery.s 

34. Die Jaffen der Luftstreitkreefte, Fritz Uohn, 1935, translation 
by 3D Git}, poe as-e5, in a lib,, D70/123. 

35. French Patent: Sierens, 836,197, 5 April 1938. See also Leutscher 
Tlugzeugbau Handbuch der Luftfahrttechnik, 1939, trunsiation by 
LW CH 16 duly 1940, po. 259-75, in ur Lib., 070/142. 

36. United Kinedom Talent: Caproni, 335,449, 25 tiepos 1930. 
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upper ond lower enclosed turrets, dursiusin framework structures covered 
with celone sheets. The lower turrets were retractable and capable of 
aginuth rotation with e hend-crank chain «nd eprocket drive, The Breda 
fim-20 and Caproni Ca-90 also sported manually operated turrets,?* 

Ey 1937 the /scerican Military itbaché for sir ia Italy reportcd 
aavanced models of power turrets in actual use on the majority of 
Italian oireraft. arlier experiments with electrical drives gpeve way 
in favor of hydraulic systers with emoother trackins and an aporeciable 
decrease in operating lav. Swen the Caproni Ca-134 two-place observa— 
tion plane carried a single-eun hydraulic turret, and excerimental work 
was reported under way on hydraulic renote syste..s for position control 
of eeveral suns from one siehbing stution* Euch develorments, further- 
more, were not confined to a single manufacturer. The breda Daeo5 attack 
plane carried 4 hydreulic upper as did the Fizt 3-11-20 bomber, which was 
reported as "in production't in Decexber 1937. Tne Fiaegio P-32 und the 
aucent Ke-99 were couipped with turrets providing hydraulic power for 
agirutn rotation onlys?” Tne imosrie] verture in  thiopla had certainly 
not retarded Ttelian alreoraft arnenent, 

Tt vould be & mistake, however, to assume that power turrets were 
being developed only in countries st war or under threat of war, 45 


* a7 ! 
early as 1936 tn kwerican ‘aval Attache renorted from Sweden that 


37. “sree waichine pun mounts used in Italy, cbc. 5" by Usd. alaval 
Attach’, Italy, hpt. 431, 31 Dec, 1930, in .P Lab., 072.11/71. 

32, “srief summary of Italian ireraft Arraneit," by U.o. Uilitary 
Attach for Air, Italy, Ept. 16,328, 23 Yov. 1937, in UF Lib., 
B70/123. 

39, “Detailed Keport onAmament Installations in Itulian Airereit, rt 
by U.d. Militar; Attaché for lir, Italy, Rpt. 16,366, 14 Dee. 
1937, in UF Lib., 570/124, 
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Gofors had devised o turret which the attache considered unique in that 
it moved both in azimuth end elevation under hydraulic pressure generated 
by a purp similar in principle to a \.aterbury tool gear pump. 4& stick 
control on a four-way hydraulic valve gave simultaneous azimuth end 
elevation tracking.#° 
In no country in Durope, perhaps, was so mich activity displayed 
in the field of aircraft armament as in Tneland, at the end of \.orld 
Var I the Scarff ring was in its sixth model, but far more important 
than the ring itself was the British application of flexible pumery 
theory. Although the lussian Sikorsky bomber was the first to locate 
a searff mount behind the tail, the Eritish soon adopted the plan on 
the Handley-Pare V/1500 and laid the precedent for future British bomber 
arnanent trends. The 1922 Vickers Virginia and others, such as the 
Biddeley heavy bovber and the Minvston flying boat, tried various 
systens of nacelle gun mounts, but the Handley~Page precedent won out. 
In 1930 the Gristol \eroplane Conpany produced a bird-—carce turret, 
a plass-enclosed upper done mounting a single gm, manually rotated, 
and initiated the Lone course of turret development. In 1932 Eristol 
experimented with electric turret drives for nose end tail turrets 
but never perfected them because the friction-disce speed control in- 
corporated in this design gave jerky tracking motioa, The 1934 bristol 
irny=Sooperation airplane was equipped with a hydrautic semiturret, or 


piston jack training assistor, which led the Bristol Company to utilize 


40, “evelopment by Dofors Ccrmany," by U.S. laval attache, Sweden, 
Rpt, R+725, 2 Dec. 1936, in .F Lio,, D72,11/89. See aiso United 
Yinedom Patent: Lofors, 489,208, 21 July 1938, 
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hydraulic drives in the 1935 Bristol sorbay transport-bomber nose turret 
and in the 1935 Bristol Slenheim upper turret, in airrlanes which intro} 
duced the succession of world war TI Bristol adreratt. 
corly in the 1930's Vickers put twin brewninys in nose, tail, and 
upper positions on the original Jellinrton bouber, and arustrong tried 
single gun turrets in the nose end tail of the chitley, but neither 
proved satisfactory. In point of time, tne British rower turret anpeared 
first on the 1934 twin~ensine, biplane, Cverstrand bomber, which was 
equinced with a Doulton-Psul single Lewis-gun nose turret driven by 
compressed air, 6 system which permitted only linited periods of ma~ 
neuvering with frequent rests for recharging the corpressed air 
cylinders,” 
Power turret development epneared in npland almost overnight. In 
1933 Vickers obtained a United Einedom patent on a retractable manual 
mount, a product scarcely divorced from the Searff ring tradition, and 
the very next year a menufacturing concern, Petters, Ltd., took a United 
Kingdom patent on a hydraulic nose turret with a friction=dise speed 
control for use by a boubardier defending the nose position of a bomber, 
Patent applications in the United States and Europe during the 10 


years preceding the cutbreak of orld ‘lar II showed no end of fertile 


imazination in the conception of fire control systems: but while others 


4l, United Lingdon Patents: sristol, 545,459, 22 Feb, 1938, 510,538, 
30 Cet. 1937, and 514,551, 9 Nov. 1936, 

hae Lie ue Dourden, "Aircraft Cra Turrets, the Development of Lritish 
Types for serial Crdnance," in army Ordnance, Larch-April 1944, 
po. 303ff. 

43. United Mingdon Fetents: Vickers, 387,346, 1 Feb. 1933; and Petters, 
436,071, 10 Sep. 1934. 
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were patenting plans for projected mechanisrs, british concerns were 
securing patents on besic units already in process of manufacture. In 
1933 Boulton-Taul took a United Kinedem patent on 2 rotation axis bear- 
ing system for nose and tail turrets, evoidinr the necessity of tooling 
the difficult and intricate ring cear utilized in most turrets, a combi- 
nation hydraulic sland and slip ring asseably pabent offered to interested 
inguirers 2 certain index of the trend in Eritish turret development in 
1934, when Zoulton-Paul secured a patent perfecting a turret principle 
evolved earlier by ar.strong- “itworth. 
Tne armstrong-.hitworth patent covered a turret ring which mounted 
a single flexible gun on a ring mount in a ball-shaped turret. ‘The 
machine cun was 30 mounted that it was allowed a certain limit of free 
motion, movement beyond which closed 4n electric circuit and rotated 
the turret in tas direction of training. 4 four-wey switch made it 
possible to rotate in both directions for elevation as well as azimuths 
boulton-Favl utilized hydraulic valves instead of electric contacts, 
Tne valves were spring-loaded to return automatically to neutral with 
screw adjvstent of the valve to “find the correct neutral, In con 
trast to the electric version, the hydraulic turret provided speed 
variations which were simple funetions of the depree of displacenent 
in the control valve,“4 
The contrast between British and american bomber defensive develop- 


ments came inte moxentary focus ia 1937 when the air Linistry requested 


Ak. United Hineden bubewts: lrrsbreay-..hitworth, 429,061, 29 Jans 
1934; Brultorslaut, 431,714, 6 Teb. 1934, 436,059, 25 dan, 1934, 
aad 436,125, 23 Cet. 193K 
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detailed information of reperted american turret develomments in return 
for release of SGritish technical infornstion. The Viateriel Livision 
suggested an exchsnacte in sere other fled inasmach as no ssecific 
solution to the turret rroblen hod been reaened in tre United States, 
wie bie Dritish insisted, three drauvines of tne Glean L, Uartin 2-10 
manusl nese turret were released,” 
vespite tie fact thet Duropean developuecat was generally far 
advanced over ir Corps oractice in flexible sunnery esuipment, the 
Air Corts repeatedly denied permission to aircraft ucnufacturers in 
the United Utates to export planes with near-standard ring or post 
mounts,"© Apnarently conbenuporary policy believed it wiser to prevent 
foreinn nations from procurine obsolescent araament esudowent than to 
favor and fosber un syeressive aid successful aircraft armnament industry 
in the United States by encourapin= sales abroad to warring nations, 

In order to evaluate/Sir Corps principles of fire power, it is 
necessery to visualize the trend of Suropean development not only in 
terns of experimental projects in the turret field, but of the boubers 
actually developed as well, In 1995, according to a German survey of 
Turonean bombardment airereft, the six-ensine Italian Caproni 22-90 rb 
carried six guns in five enplacements, includine waist windows and 
jower turrets. The French triquet 273 reconnaissance airplane perfected 


the slenderized fuselere technicue so favored by the Germans to improve 


45, Memo, Chief, Informacion uiv., AC to Chief, MD (.F), 3 Aug. 1937, 
in Arte Lab, File, Machine Gun Lounts 1937. See auiso 4.0 47365, 
reference 3 lep. 1937. 
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tail cone fire coverage. The previously mentioned poulton-Faul oiplene, 
tue Overstrend bomber, carried both an upper and a lower retractable 
turret. Twinecun upper turrets with 1,600 rounds for each gun and 
twin—un Lowers with ®CO rounds per gun were cited as acceptable in= 
stailations,”’ Lireraft srmarent in the United States, evaluated 
against the backrround of the foreign developments represented by 


these installations, is discussed below. 


47. Hohn, Die yaffen der Luftstreitkraefte, pn. 33-43, 296-301. 
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Chapter IT 


EUMBAGDMENT DiPLse FOLICL, 1932-1939 


4ny study of power~operated pun turrets for aireraft would be 
inadequate if it were limited to the purely technical aspects of the 
apparatus without reference to all those nonengineering factors which 
have been so important in the evolution of aircraft armament policy. 
Bombardment arnenuent practice, the right Field organization and 
facilities, end the kasic assumtions regarding fire power expressed 
officicliy in the years immediutely preceding the outbreak of ‘orld 
nar IT in 1939-21] these cre matters of immediate concern in any 
etteupt to understand the evolution of rower turrets in the Army Air 
Forces. 

In 1992 a forward-thinking serbardnent coard recommended that 
the entire bombardment directive be rewritten to bring bomber design 
into closer harmony with the realities of existins requirements. The 
board, includinre anonp its mexbers such men as Maj. J. 7. Uctiarney, 
Maje Carl Spacta, laje OH. 4. Larcue, and Lt. J. o. uelker, all of whom 
later became reneral officers in \orld Jor II, considered that any such 
revision would require a clear conception of the air force mission and 
the function of bouwberonent aviation in its relation te that mission. 


The board's report expressed itself emphatically: “Uestruction of the 


26 
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@ enemy's means with which to wage war-—primarily the mission of bombard- 
ment--is of peramount imrortance," and "the primary mission of the Air 
Serce is to drive home the boubardrent attack." This concept, rele- 
gfubins a1] other aerial functions to positions sunslementary to borhard- 
went, inevitably brournt Lhe question of defensive armament to tne fore, 
e The board's report initiated 4 questionnaire for circulation through 
the sir Corps to earner oviniois to mitch the board's own suerestion 
that turrets be aevised for twin suns fore and ait, each gun to carry 
609 rounds of ammunition, while some form of lower turret or nacelle 
gun be devised to cover the sectors below tad in the rear so that blind 
areas “wicht be linited "4s muend as possible," 
estionnaires dissemineted throuchour the Air Corps on fMeids of 
© fire, tyces of nountc, enclosurcs, ond calicer of sins were returned te 
richt Fleid with a varlety of coments, the majority of which reiterated 
the need for turret enclosures. None, however, mentioned the need for 
nover drives. « L.nzley Field officer ever went so fir as to favor 
abandonines the caliber-,.50 entirely for some scmller caliber such as 
225, believing that "clouds, bad weather, and darkmess should offer the 
preatest protection," 
she resulte of the oninion-sarcling survey were se difficult to 
e correlate thet the arusment Sranch at Urirtt zield preferred to depend 
upon a svsil board of coupetent officers rather than a ssneril survey. 


Tt was recomended thet the results of ty. armement questionnaire be 


1, 0 bound sroceedines on 2-707, 1 Nove 1932, in aTLo 3307. See 
&@ Slseo Ure Loard Tybee, LL Cet. 1993, in AAG Sulk files, 
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"held pendins the issuance of anew develepmetts in machine gun mounts 
and cecessories sb which tine ea board be convened to adjudge their 
merits and render suzcestioas for future inproverrsnts.” 

The difficuities attendant unon the cevelopreat of aircraft arm 
ment were magnified by the fact that the structure of the organization 
charged with responsibility for tne perfection of Bois armament was 
itself in a state of evolution. Ine extvencies of routine requirenents 
coupled with a continvous turnover of personnel prevented or ut least 
delared the formlation of comprehensive policies regarding the procedure 
to be followed in correlating service needs with right Field exneri- 
mental activity, and foreign develonmenits with .ir Corps pracbice. 

Tn 1935 the .rnament Lranch was conscious of these limitations, 
Reviewing the current status of armzuent projects, the branch reported 
that developneit had been "restricted to inprovenent in desien of 
specific itens't and little attention had been piven to whether or not 
the items of eqaiprent, even in the buproved condition, were "adequete 
to acermplish tactical funetions’ as revised by the performance of 
modern airplanes. The imperative need for o definite line of develop. 
ment and a clearer erasn of the necessity for evolving procedures within 
the Armament Branch had been recognized by the iateriel Division ever 
since General smold's renorts frou i'arch Field in November and December 
1934, when the wiole subject of the tactical employment of bombardment 


aircraft was thrown open to cuestion, However, any plans for extensive 


2. aC Tech, hpt., "Gan Moumtins Arranrenents,” 10 april 1935, in 
we Lib,, Deo 12 w/O61. 
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experimental provrams vhich the Armrarent branch may have entertained at 
the tine were necessurily pared to suit the funds available, 

In 1935 the budget prepared for the new fiscel year allocated 
“h5,000 to the entire experiwental and service test armement program. 
The Armanent Branch felt that 100,000 would be required to carry out 
an adequate and aseressive experimental prograa. This serious restriction 
notwithstanding, the Lateriel Livision believed that substantial propress 
might be made "provided approvel can be ootained to proceed along sone 
definite line until exmerience . . , dictates revision." The Lateriel 
Livision a3 2 whole realized that the lack of a clearly defined program 
of develo.nent had seriously impaired the normal evolution of aircraft 
armaments ' 

2 conference of Air Corns and Ordnance uceartment officials at 
Aberdeen Proving Ground in 1937 revealed that the Air Corps itself was 
far fron satisfied with the status of armament development. An officer 
representing Langley field expressed this opinion ost forcefully, Since 
1930, he pointed out, the airplane had roughly doubled its speed, its 
size, und its bomb load, but "the aruenent has remained the same, The 
point of view hes been held that increased fire power is not only logical 
but exigent in this development. The feeling of the tactical units has 
been thet the .. . installation of suns has not kent pace with the basic 
develomment." [ven in the current model 3-17 and 2-18 bombers, the "fire 


eonLrol syste: is practically the same as it was at least ten years ago," 


3, AC Lech. ipt., “An outline of prevailins circumstances in the field 
of aircraft armament and a recommended prozram of developwent," 
ll Nov. 1935, in F Libs, Soo 12 w/WU77. 
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and only "sommaratbively recently several leading aircraft manufacturers 
reulized the necessity for power operated turrets." 

The serLous indictment of armament was not entirety ignored by 
those in authority. Ina éerid 1936 orice Tease i. He. arnold, then 
Assiobunt Chief of the .ir Corps, initiated action to estsolish a 
cowuittee eanposed of Air Corps, Crdaance Department, «nd duvy personnel 
to investirute the whole tegic of b2llistics sffecting the develop.ent 
of fire control spraratus. Cally a year cefore it had been noted that 
provress was geriously cc~provised oy tue prevailing lack of inforwation 
en ballistic factors. ‘luc are workine considerzbly in the derk on the 
wubject, coid an official et iberdeen in 1937, “because developzent 
and trick are just nov startinc."? 

“uanerel arnold's committee reported in July 19°42 Lhat the personnel 
available it the Meteriel Division for fire control research were entirely 
inadeguate for such an extunsive aubject end reconmesded that every effort 

aade to facilitate cooperation between the srmenent Ieboratory at 
Wieht Field and the research staff at Aberdeen. Perhaps the wost pointed 
comment of the whole report, however, was contained in a quoted letter 
frov the Second iinet, GH Air Force, at Lanclers: "The present state of 
efficiency of flexible gunnery is worse than it was in 1918, the science 
of flexible gunner; hevine remained the same while the sishts no Longer 


Sit the speed of the airplane." 


he “Hotes on Air Corps-Ordnance Dept. Conference,” 16 June 1937, in 
Ayre, Lab, Flie, Mise. 

5. Ibid. 

6, bot. of Uovy, lir Corps, and Ordnance Lept. on Fire Control, 7 July 
1933, Pe Y, "aad Gol. tober Qlds to CG, 2d sing, Gi: AF, 29 april 
1938, ja ATL 477.81, Fire Control 1941 
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In November 1938 General Arnold, whe by that time had become Chief 
of the Air Corps, requested a report on the progress achieved in fire 
control equipment. Wright Field indicated that on the theoretical side 
ballistic computations were under way at Aberdeen and a tow-target 
mechanism had been perfected to facilitate the process of gathering 
infonmaation for ballistic studies, but a comparatively limited advance 
had been made in specific armament equipment because of the need for 
extended preliminary investigations and the serious shortage of qualified 
personnel,’ 

In December 1936 the Acting Chief of the Air Corps, Brig. Gen. W. G. 
Kilner, informed the Materiel Division:® 

The Chief of the Air Corps is mich cencerned over the tardy 
development of mich of our requisite fire control apparatus. He 
desires that the necessary steps be taken as soon as possible te 
insure the reorganization or reinforcement of the Armament Sectien 
in order to expedite the development of fire control apparatus and 
to make sure that this technical equipment will be ready for new 
types lof aircraft] now in production and to mest any increased 
expansion in procurement which may occur, 

For years the Armament Laboratery had been neglected by those in 
suthority, but if the Air Corps failed to develop fire control apparatus 
commensurate with Earopean equipment, after 1938 it was net for want of 
support from the Chief, whe, in the following year, June 1939, expressed 
himself even more emphatically:’ 


It is tha opinion of the Chief of the Air Cerps that there 
has been less advance and develepment made in aircraft armament 


7. Memo, C/AC to Chief, Supply Div., 3 Nov. 1936, and reply, Exec. 
(WE) to C/AC, & Nov. 1938, in ibid, 
8, Acting 0/AC to Chief, MD (WF), 2 Dec. 1936, in ibid, 


9. C/AC to Chief, MD (WF), 9 June 1939, in ATSC 470, Armament Develep- 
ment. 
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and ordnance accessories for aircraft than in any other branch 

of the art. It is also my opinion that the responsibility for 

this rests with the Materiel Division. It is quite apparent 

that some drastic steps must be taken by the Materiel Division 

to bring this development up to a par with the airplanes. 

If progress had been slow, it should be remembered that only slight 
interest had been shown in armament from Washington throughout the 
previous decade or more, particularily in the allocation of funds. Never- 
theless General. Arnold requested that the Materiel Division prepare a 
definite developmental program in aircraft armament to be submitted 
without delays. 

Parallel to the recommendations of the Chief of the Air Corps were 
those of the Air Board: ‘After a review of conditions as they exist 
today, the Board is impressed with the imperative need for a more 
definite, effective, and continuing War Department policy governing 
military aeronautical research and development." The board felt that 
any failure to anticipate developments would lead eventually to supply- 
ing the Air Corps with aircraft utterly ineffective against eneny 
weapons, Of peculiar importance to armament was the board's tenet that 
research and development in aircraft design must be paralleled in the 
field of accessories, particularly armament and communications equipment. 
Division designers were warned to give careful consideration to military 
objectives, "the specific needs for performance and fire power of combat 
airplanes based upon plans for their utilization in specific situations. "2° 
Planning and long-range vision, conspicuously absent during the 19 


years following World War I, appeared abruptly and changed the course of 


10, LI No, 3, 16 Oct. 1939, in Arm. Lab, LI file. 
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@ bombardment aircraft armament. The Kilner Board's recommendations for 


a five~year research program were carried out and reinforced by a system 

of priorities on research suggested by the Air Board. In order of 

importance emphasis was to place power plants first, fire control apparatus 

second, and pursuit aircraft thira,+ The Air Gorps planned to implement 
@ this program with a substantial increase in funds. The proposed five~ 

year research and development program for the years 1940 to 1944, inclusive, 


allocated in May 1939 the following sums to flexible gun accessories for 


aircraft: 
Fire Controls Power Turrets 
1940 $10,000 $20,000 
L941 30,000 35,000 
1942 50,000 30,000 
1943 40,000 10,000 
©} 194 30,000 35,000 


These sums seemed modest in view of the magnitude of the task to 
be accomplished. The Materiel Division gave expression to a long-awaited 
policy in explaining how these funds were to be spent. In language which 
unconsciously reflected the theme of Air Corps flexible gunnery critics 
in the past two decades, the division's notation accompanying the pro= 
posed program declared: "To avoid loss of efficiency incidental to 
increased air speeds, it is necessary that development work be under= 
r taken with a view to providing power cperation for turrets and enclosed 


positions from which flexible machine guns are employed. ... To date, 


11, AC Board Final Report on Revision to the Five Year Experimental 
Program, 26 June 1939, in ATSC central files. 
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little development work has been accomplished with reference to the 
provision of power operation, tt” 

The precipitous transition to an enthusiastic support of power 
turrets very probably came as a direct result of the accumulated impact 
of foreign armament developments. Why this trend to turrets had not 
been undertaken earlier was revealed when, in July 1939, the Chief of 
the Materiel Division expressed concern over the system by which the 
division kept informed on foreign aircraft armament. The Chief of the 
Experimental Engineering Section cited the usual sources of technical 
information available to the Air Corps, such as publications, military 
attaché G2 reports, MID reports, and data obtained by division and 
other representatives on tour, but noted that in general this category 
of information proved extremely difficult to obtain sines foreign 
practice corresponded with current policy in the United States in 
retaining all aircraft armament equipment in a confidential status. 
Furthermore, the search for information concerning armament in particu~ 
lar was retarded by the fact that aviation observers, as a rule, are 
not armament conscious, . 

Even more serious than the information~gathering difficulties, the 
section chief reported, was the fact that while the information received 
on foreign aircraft armament was circuleted through the section, no one 
was specifically charged with obtaining and disseminating auch informa~ 


tion in the various Laboratories of the Materiel Division. It would be 


12. Proposed Five Year Research and Development Program for Fiscal 
Years 1940-1944 Enclusive, 10 May 1939, in Arm, Lab. file, Research 
and Development. 
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difficult to underestimate this organizational weakness in view of the 
fact that the section chief himself credited the influence of foreign 
equipment as largely responsible for such important modifications in 

Air Corps armament as the increase from two to four fixed guns on pursuit 
airplanes, the trend to tail guns in bombardment airplanes, and the 
interest in aerial ballistics inspired by French experiments at Cazeaus’? 

As far back as June 1938, the Materiel Division had prepared a 
questionnaire for military attaches including, among other items, a 
list of detailed questions concerning armament, particularly turrets. 
The information received from this survey as the reports came in during 
the following months left no doubt at the Materiel Division regarding 
the progress of Hiropean turret developnent, 

It was not until a year later that the Chief of the Air Corps 
directed the Foreign Liaison Officer to instruct the Military Attaché 
for Air in London to investigate a hydraulic gun and turret control 
mechanism invented by a Mr. Frazer-Nash of Tolworth, Surrey, in Eng~ 
land,!? In June 1939, Wing-Commander Anderson of the RAF visited 
Wright Field and off—handedly reported: "Mr. Frazer-Nash's hydraulic 
controls are regarded as a valuable means for the operation and maneuver~ 
ing of guns and turrets," The Viing.Commander, who seemed anxious to 
establish closer coordination between the Air Corps and the RAF "with 


less emphasis on the barter exchange of ideas, promised to attempt to 


13. R&R, Chief, MD (WF) to Capt. C. S. Irvine, 1 July 1939, in ATSC 
336, Foreign Developments, Armament, 

Li, Memo, Chief, ES to branch chiefs, 26 June 1938, in Arm. Lab. file, 
Misc. Confidential Correspondence 1937. 

15. C/AG to Foreign Liaison Officer, 27 May 1939, in AAG 47305 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


fe Vikead is SE tw 
. eS Reh 36 


make arrangements for Ordnance and Air Corps attaches to fly in British 


AAFHS=5h, 


airplanes equipped with multiple gun turrets, However promising this 
attitude may have been for improved relations, it would be well to 
renember that this was but a scant three months before the outbreak of 
hostalities.!° 

& few days after the second World War began in September 1939, the 
Materiel Division was directed to start at once to examine the tactics 
and techniques employed by the belligerents, To carry out this policy 
the division again circulated questionnaires amongst the attaches in 
foreign capitals, The Armament Laboratory at Wright Field compiled a 
list of questions regarding power turrets, computing sights, and range 
finders to obtain this specific technical information. Even more 
important, however, laboratory personnel displayed an unusual and 
hitherto neglected interest in the concept of fire power held by the 
several belligerents, The questionnaire sought to determine if it 
were the "general tendency in bombardment aircraft gun arrangements to 
attempt to defend the airplane from attack in all directions or to 
defend from attack from limited areas," and if in the case of the latter, 
what fields were assigned major importances*! Apparently the Materiel 
Division had come to appreclate the importance of an integrated study 
of the fire power concept in conjunction with mere technological develope 


mente 


16. Report of Visit of W/C Anderson, RAF, to Arm. Lab., 1 dune 1939, 
in WF Lib., D70/129. 

17%. R&R, Chief, EES to Chief, Arm. Lab., 29 Sep. 1939, in ATSC 336, 
Foreign Development. 
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In December 1939, three months after the Germans invaded Poland, 
the Chief of the Experimental Engineering Section expressed concern 
over the deficiencies of Air Corps banbardment fire power, ‘Information 
obtained from newspapers and other sources indicates that foreign bombers 
are extremely deficient in lower rear and directly to the rear gun defense. 
It is the opinion of this office that cur bombers are in no better con~ 
dition than the European bombers so far as defense is concerned." The 
chief directed that studies be initiated immediately and "prosecuted 
with utmost vigor" in an attempt to obtain increased volume of tire.” 
The Chief of the Armament Laboratory, in answering this directive 
in January 1940, reported that the laboratory had exerted every effort 
to prepare drawing studies, mock-ups, and negotiations with commercial 
sources to make available "in the near future" experimental models of 
twin-.50 power~operated gun turrets, both upper and lower, "to establish 
designs" which might be "substituted for the existing manually operated 
euplacements for single machine guns should the Bombardment Board's 
decision favor the more complicated arrangements believed to be mich 


19 


more efficient. This report indicated the progress attained up to 
that time on power turrets developed by the Armament Laboratory, but 

it also raised an issue; Who was ultimately responsible for the 
creation of aircraft armament innovations, the Bombardment Board or the 
personnel of Wright Field's Armament Laboratory? Even though that 


responsibility was clearly defined by Army Regulations, the laboratory 


18. ICM, Chief, EES to Chief, Arm. Lab., 20 Dec. 1939, in Arm, Lab. 
file, HD) 553-1-315e 
19, IOM, Chief, Arme Lab. to Chief, BES, 9 Jan. 1940, in ibid, 
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chiefts reference to the decision of the Bombardment Board carries with 
it implications of an area of uncertainty in the pattern of the organiza» 
tion involved in perfecting Air Corps armament, 

By the end of December 1939 the question of bomber defense had become 
so critical that General Arnold called a conference of representatives 
from every branch of the Service concerned with aircraft armament. This 
conference met in Washington on 27 December 1939 and discussed the 
problem at great Length, finally reaching the conclusion, among others, 
that bombers needed all-around fire protection with fire power to the 
rear equal to that of a pursuit attacker. Since pursuit craft were 
currently appearing with eight fixed wing guns and most Air Corps bombers 
would do wall in bringing more than a single gun to bear aft, this 
disparity left much to accomplish. The conference further concluded 
that multiple gun turrets were definitely desired even though the Martin 
B-26 was the only new aircraft appearing with a turret installed,” 

General Arnoid implemented his desire to take immediate corrective 
action by instructing the Air Corps Board at Maxwell Field, the home of 
the Air Corps Tactical School, to prepare a study showing the fire power 
which the flexible guns on modern bombers, Air Corps as well as foreign 
bombers, could bring to bear on an attacking aircrafte~ Col. Carl 
Spaatz, Assistant to the Chief of the Air Corps, slaborated on General 


Arnold's decision on 18 December 1939:"" 


As a result of all the reports which have been received by 
the War Department of air operations, commencing with those in 


20, Memo Rpt., MD (Wash.), re Armament Conference OCAC, held 27 Dec. 
1939, dated 8 Feb. 1940, in ATSC Fire Control 1941, 

21, C/AC to CO, AC Tactical School, Maxwell Fld., 18 Dec. 1939, in 
Arm. Lab. file, Mise. Confidential Correspondence, 

22. Lt. Col. Carl Spaatz to AC Tactical School, 20 Dec. 1939, in ibid. 
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China, continuing in Spain and the present operations there in 

Burope, there has been a growing feeling in the War Department 

that bombardment airplanes are helpless against pursuit attacks, 

This feeling has reached the point where there is considerable 

thought given to the inadvisability of procuring any more bombers. 
He further intimated that even the new Air Corps bombers might not be 
provided with adequate fire power protection. 

The Air Corps Board, in its subsequent extensive study on “Fire 
Power of Bombardment Formations," 3 January 1940, pointed out that 
among existing bomber types in most cases only one gun covered the tail 
cone area, and "in certain bombers, the field of observation in the 
rear hemisphere is so limited that it is perfectly feasible for pursuit 
to approach from the rear and attack without detection." Quite obvi= 
ously, then, the project became one of reducing the disparity between 

the fire power of pursuits and the available fire power of bombers in 
a given area, But this project could not be accomplished merely by 


adding improvements to existing planes for, as the Handbook of In~ 


structions for Airplane Designers had long preached, serious considera- 
tion mist be given to fields of fire in the initial aircraft design, 
for once airplanes are built, improvements are Limited. 

The board concluded that Air Corps bombers, the Bel7, Be2h, Be2i, 
and B26, were superior to the foreign aircraft evaluated, and bomber 
losses in the current European war were the result of faulty employment 


and untrained gunners as well as inadequate defensive fire, The report 


recommended that the question of bomber defense be kept under continual 


23. Rot. Now 53, Maxwell Fld, AC Board, "Fire Power of Bombardment 
Formation,'t Annex V, 3 Jan. 1940, in Arm. Lab. file, Misc. 
Confidential Correspondence, 
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atudy and specific attention be devoted to computing sights, range 
finders, and mechanical gun laying." Bombardment defensive fire 
power policy had reached maturity in the United States, 


2h. Ibid. 
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Chapter IIT 
THE AVANT LABORATORY AUD FIRE Pout THEORY, 1934-1939 


To understand the evolution of aircraft armament in the Air Corps, 
) one must understand the Wright Field organization charged with responsi- 
bility for the actual technical development. This chapter will consider 
the Materiel Division's Armament Branch concerned with armament develop~ 
nent at right Field, its personnel, finances, and administrative relation- 
ship to the Air Corps us a whole; the basic doctrines of the service 
regarding fire power expressed officially as well as unofficially; and 
the sir Corpst interpretation of those doctrines as expressed in terms 
@ of aircraft actually built and armed. 
according to a war Department directive of 1921, the Air Service 
shared responsibility with the Ordnance Department for armament develop~ 
ment. Tne 3’7f-nine Gannon marked the dividing line of responsibility. 
All, mounts for weapons larger than 37 mm. were to be the proper sphere 
of Grdaance and those of 37 mm. and sxaller the iir Service!ts concern. 
Tne Language of the directive was specific concerning gun mounts: 
Mounts for all aircraft guns not exceeding 37 mm, caliber, when built 
integral with the aircraft or engine . . . but not including recoil 
© systens unless integral with engines" were Air Service respoasibilities, 
Then, lest there be any chance loophole, it was provided that the "Chief 
of the Air Service and Chief of Ordnance will report to the Adjutant 
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General of the Army [i.e., the General Staff] any new item which they 
consider should be added to the list" or any new development which 
‘necessitates reclassification of such itens.'> 

When Assistant Secretary of Viar H. H. Woodring and a committee 
visited Wright Field in 1934, the Armament Branch reported that "experi- 
mental developments which, due to the absence of supply sources, are, 
of necessity, conducted at Wright Field" included gunsights, bombsights, 
and the mechanisms and accessories for flexible .50-cal, guns.” This 
revelation of the restricted nature of development work in such critical 
fields carried with it implications of an inadequate interpretation of 
the threefold cbhligation inherent in the basic directive of 1921: 
experimental development of armament equipment at Wright Field; liaison 
with and education of potential manufacturing sources; and engineering 
supervision of actual development work under contract with commercial 
establishments. To surrender the second and third obligations would be 
tantamount to an unrealistic viewpoint regarding the role of Wright 
Field in ite relation to ultimate wartime production. 

Criticisms raised by the Baker Board report in 1934 led to a 
directive to revise the organization of the Materiel Division in 1935. 
New definitions of personnel and administrative functions were proposed, 
In the case of the Armament Branch, the chief was authorized to hoid the 
rank of major and designated as responsible to the Chief of the Engineer~ 


ing Section for all theoretical studies and research work pertaining to 


Le WD GO #6, sec, VIII, 1921, quoted in *"Aireraft Armament," MeCook 
Fld, course outline, 1926, in WF Lib., D70/80. 

2. Memo Rpt., ES, 31 May 1934, in ATSC 334.8, Military Affairs Committee 
Investigation. 
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aireraft armament, for testing and passing on equipment involved, for 
the preparation of specifications, and for proper coordination with 
4ndustry. The branch chief was to be supported by at least one officer 
as an Engineering Specialist, authorized to hold the rank of first 
lieutenant. The Engineering Specialist was responsible for the develop~ 

@ ment of armament equipment on all types of planes as well as flight 
testing that equipment. 

The revision sought to improve the proficiency of the organization 
by enlarging on the educational and background requirements of responsible 
personnel in the Wright Field laboratories. All officers were required 
to have six years of service, with an engineering education desirable but 
not mandatory, Moreover, officers in key positions were required to have 

® continuity of service in the engineering activities of the Materiel 
Division with exceptions made for short tours of duty in the Air Corps 
Tactical School, in the Army Industrial College, as well as in tech~ 
nological schools.” By such provisions the Materiel. Division hoped to 
insure an adequately aggressive engineering organization within the 
Air Corpae 

The problem of procuring civilian personnel for the Armament Branch 
was parallel to the question of officer personnel, and in many respects 

r even more important inasmuch as the civil service status of Armament’ s 
civilian employees imposed a continuity of service which almost inevitably 


surpassed officer assignments in stability, In 1937 the Chief of the 


3_ Memo Rpt., ES, 4 Feb. 1935, in ATSC 321.9, General, Eng. Div., 


@ folder 1, 
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Armament Laboratory recognized the need for an enlarged organization to 
keep abreast of the constantly increasing demands of routine work and 
to "make possible a more thorough analysis of design and installation 
problems prior to the tine that novel features must be incorporated," 
The chief's request for four draftemen ab $2,300 a year was but a 
‘limited approach to the whole problem. Power-turret, gunsight, and 
bombsight projects required highly skilled technicians to analyze 
difficulties, to prepare and carry out service tests, and to coordinate 
with manufacturers. The chief suggested that a really adequate organiza~ 
tion for attacking the bombsight project would consist of a team composed 
of two pilots with bombardiering experience, a mechanical engineer, and 
two engineering draftsmen-~a development-team concept which might have 
proved of extraordinary utility if applied to other projects as wells” 

When, in December 1938, the Materiel Division explained its delays 
in fulfilling General Arnold's recommendation for the development of 
fire control equipment, the Armament Laboratory noted a number of 
factors including: lack of personnel; lack of basic ballistic data; 
lack of flight experience with existing equipment; lack of an adequate 
number of interested manufacturers as sources of supply; and above ali, 
the intrinsic nature of the project, "one of the most complex tech= 
nological problems that can be envisioned." 

dust how complex it was possible for fire control apparatus to 


become was pointedly illustrated somewhat later when the Chief of the 


4h, IO, Chief, Arm. Lab. to Chief, ES, 17 April 1937, in ATSC 470, 
Armament Development. 
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Engineering Séction'. asked to be provided with texts on selayn and 
amplidyne systems, vacuum tube theory and principle, introductory optics, 
ballistic definitions, and similar studies regarded as essential to an 
understanding of contemporary fire control equipment.” 

Enlarging the civilian technical staff through civil service 
channels was no easy task, Personnel requisitions recommended in June 
1938 were not authorized until Cctober and even then the positions were 
not all filled by December because, in the case of two specialists, a 
physicist and an engineer, the “extraordinary qualifications" sought, 
together with the fact that an associate grade physicist and an assistant 
grade engineer each drew only $2,600 a year in the civil service scale, 
would probably cause protracted delays in recruiting satisfactory 
personnel,” 

By June 1939 there were 31 employees in the Armament Laboratory 
with a $78,340 payroll, and the Chief of the Materiel Division proposed 
to increase this number to 48 with a total payroll of $111,680, In July 
1939 the Armament Laboratory was divided into six units: Shops, Bombsight, 
Bomb Racks, Synchronizer and Fixed Gun, Cannon and Flexible Gun, and Fire 
Control,’ By April 1940 this organization had beenre~formed on more 
functional lines as the Administrative Unit, Fire Control Unit, Bonbing 
Unit, Specifications Unit, Service Liaison Unit, and Shops Unit, a re~ 
organization which, incidentally, reflected the growing problems of the 


time, 


5. list compiled for Chief, ES, by direction of Col, F. C. Wolfe, 
Jan. 1943, in Arm. Lab. file, EO 554-1-130, folder 2. 

6. Chief, MD (WF) to C/AC, 10 Dec. 1938, in ATSC 472.81, Fire Control 
L9AL 


7. Chief, Arm, Lab. to Chief, BBS, 17 July 1939, in ATSC 321.9, General, 
Eng. Dive, folder 1, See also 1st ind, (basic unknown), Chief, MD 
to C/AC, 21 June 1939, in ATSC 470, Armament Development. 
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The stated responsibilities of the Armament Laboratory included, 
along with engineering and procurement, liaison with Ordnance, Chemical 
Warfare, and Navy engineering research projects, and also a specific 
obligation in the preparation of annual experimental programs.” This 
question of program planning became so critical. as World War II drew 
near, that in August 1939 a system of priorities was established within 
the Armament Laboratory to single out items of equipment for completion 
within the fiscal year. It was stipulated that a brief plan of procedure 
be draw up for each project under development, a requirement of suf= 
ficient merit to suggest that it might offer continued utility as an 
administrative tool.” 

One of the many difficulties the Armament Laboratory had to face 
in prosecuting its experimental program was the inadequate number of 
aircraft available for raalistic testing of armament equipment. In 
November 1938, of the 17 airplanes agsigned to the Engineering Section, 
only 1 went to the Armament Laboratory, while 4 were assigned to the 
Administrative Branch, 4 to the Aircraft Laboratory, 5 to the Equipment 
Laboratory, 2 to the Power Plant Laboratory, and 1 to the Aircraft Radio 
Laboratory.l° By January 1939 the Armament. Laboratory had secured the 
services of two planes, a 1936 model A~17A and a 1937 model Bele. One 


month after the outbreak of war in Europe seven planes were made available 


& Chief, Arm, Lab. to Chief, EES, 19 April 1940, in ATSC 321.9, 
General, Eng. Div., folder 1. 

9. ICM, Chief, HES to Chief, Tech, Staff, 7 Zug. 1939, in ATSC 470, 
Armament Development. 

10. Memo, Chief, BS to Chiefs, all branches, 3 Nov. 1938, in Arm. Lab, 
file, Airplanes General 1938-1939. 

ll. Memo, Chief, ES to Chiefs, all branches, 6 Jan. 1939, in Arm, Lab. 
file, Mise. Correspondence 1939. 
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to the Laboratory, but the most modern bombardment plane among these 
was only 4 pelea?” 

Insufficient appropriation for experiment) work was an even greater 
obstacle in the Armament Laboratory's path. Maj. Gen. Oscar Westover 
considered that the annual budget was the "biggest single task" confront— 
ing the Chief of the Air Corps, who was obliged to compile, submit, and 
defend the annual appropriation, a sum of approximately $73,500,000 in 
1938 when the Air Corps had but 13 B-17's in service and 26 on order, 
and the backbone of the U.S. bomber force consisted of 400 Bels's in 
service and on order. We "need not be surprised," General Westover 
remarked, to find the United States surpassed and outstripped in the 
excellence of aeronautical equipment. . .. Germany, England, Italy, 
Russia and probably France e « « are now devoting more time, attention, 
and funds" to experimentation than the Air Corps had been able to devote 
to at. What this actually meant in specific terms may be seen in a 
brief summary of funds available to the Materiel Division and the Arma- 
ment Laboratory, In 1929, for example, Experimental Engineering Section 
civilian payrolls were as follows: “* 


Office of the Chief $ 30,000 
Aircraft Laboratory 140,000 
Armament Laboratory 61,000 
Equipment Laboratory 126,000 
Power Plant Laboratory 148 ,000 


12, Memo, 3 Oct. 1939, in Arm. Lab. file, Airplanes General 1936-1939. 
See algo LOM, Chief, Arm. Lab. to Chief, EES, 15 Oct. 1939, in 
Arm. Lab. file, Contract AC=9977, Douglas BelSA, Be23e 

13. "Air Armament," lecture by Maj. Gen. Oscar Westover, 26 Sep. 1938, 
in WF Lib., A10/284. 

14. Working Program; and Engineering & Research Program, 0 Funds 
Fiscal Year 1929, in Arm, Lab. file, Research and Development. 
For a fuller discussion of funds for AAF experimental work in 
general, see AAF Historical Study: No. 50, Materiel Research 


and Development in the Army Aix Arm, 1914-1945. 
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The budget estimates prepared for 1938, including something over 


$2,500,000 for experimental and development work, are perhaps another 


index: 
Planes $1,000,000 
Tests, Designs, etc, 35,000 
Propellers 100,000 
Balloons, etc. 20,000 
@ Power Plants 750,000 
Armament 25,000 


The sum of $25,000 for armament, it must be recalled, was to 
cover the entire armament program, not merely power turrets. A break- 
down of this total explains why the Armament Branch could not hope to 


keep pace with the urgent and belated directives arriving from Washington 


to stimulate development in fire control equipments"? 
©} Synchronizers 1,000 
Bomb Racks 3,500 
Mounts 10,000 
Gunsights 800 
Bomb Handling Equipment 4,200 
Miscellaneous 500 


While direct. purchases of armament equipment amounted to $14,421 
in 1938, in 1939 they accounted for $215,000 in the Materiel Division! s 


budget, A breakdown of estimated purchase expenditures for armament in 


1940 marks the wartime shift of exphasis to armanent:1° 
Bombsights $40,000 
Cannon Fire Control 45,000 
@ Remote Machine Guns 25,000 
Bomb Racks 25,000 
Mounts, etc, 10,000 


i5. Abstract of Costs, Fiscal Year 1936, in Arm. Lab. file, Research 
and Development. 
16, Research and Development Program, Subtitle B, Fiscal Year 1940, 
@ in Arm. Lab. file, Research and Development. 
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But even these suns were relatively small in view of the magnitude of 
the task imposed upon the Armament Branch of overtaking the time lost 
in the 20 impecunious between-war years, Subsequent appropriations and 
supplemental allocations increased these amounts greatly, but the 
estimates are important as indices to the thinking of the times. A 
Wright Field officer warned: "If General Arnold expects the same type 
answers from the Armament Branch that he is obtaining from the Power 
Plant Branch or the Aircraft Branch, we must have more money, more 
personnel, higher priority and more backing." Undoubtedly the annual 
lack of funds was the largest single detriment to experimentation at 
Wright Field; but even if ample funds had been available, developmental 
research would have encountered a number of other serious organizational 
probLemse 

General Arnold's joint Army-Navy-Ordnance committeson fire control 
raised so many issues in 1938 regarding the relationship of the Air 
Corps with Ordnance that in January 1939 the Chief of the Air Corps 
considered the possibility of transferring the entire responsibility 
for fire control apparatus to Ordnance, with its extensive body of 
experience with range finders and automatic computers used with artillery 
and antiaircraft equipment. The Chief of the Materiel Division rejected 
the ideas since fire control equipment had to be considered in the initial 
design of the aircraft and inasmuch as the incorporation of evolutionary 
features with reference to structure, aerodynamics, performance, etc., 


depended upon freedom from fixed design of accessory equipment, it was 


17. It. Pe G. Miller to Capt. C. S. Irvine, 12 July 1939, in Arm. 
Lab. file, Informal Notes, Barbsight Development. 
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essential to retain fire control responsibility within the Air Corps.® 
The Chief of the Ordnance Department reported, furthermore, that he 
did not wish to take on the responsibility and the project was dropped,” 
Whether this indecision with regard to organizational sponsorship de- 
layed the development of fire control apparatus cannot be determined; 
but appearing as it did in the critical months before the outbreak of 
World War II, it served to focus attention on the importance of making 
early decisions regarding the precise definition of areas of responsi- 
bility. 

On repeated occasions throughout the "Long Armistice" beginning 
in 1918, the Engineering Section complained of the difficulty encountered 
in cbtaining service opinion on developmental trends, In order to remedy 
this, the Materiel Division conducted a conference at Wright Field in 
December 1938, including representatives from tactical organizations 
and the armament schoo] at Lowry Field, to help in planning the research 
and development program in preparation for the next five-year period, 
The conference undoubtedly had merit in bringing the operational experi- 
ence of tactical officers to the place where it could do most good, and 
the conference method proved so useful that it was suggested as an annual 
feature,” It was apparent, however, that a two-day conference could 
never substitute for an active » full-time testing organization devoted 


entirely to tactical application of Materiel Division developments. 


18. Chief, MD to C/AC, 31 Jan. 1939, in Arm, Lab. file, Fire Control) 
Miscellaneous 1940. 

19. Ist ind. (basic unknown), 27 Jan. 1939, in ibid. 

20. Exec., WF to C/AC, 13 Dec. 1938, in ATSC 470, Armament Development. 
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In January 1939 the 2d Bombardment Group of the GHQ Air Force 
proposed a special gunnery test unit. The group commander pointed out 
that "the technique of flexible aerial gunnery has not improved since 
the World War," and that a two- or four-plane unit solely devoted to 
flexible gunnery could, if equipped with modern aircraft and unlimited 
ammmnition, make substantial improvements in gunnery techniques which 
tactical units were unable to do for want of time. His proposal 
suggested a year-around base near the shore line where unlimited air 
range facilities would be available for firing tests which would 
yield experience to perfect training systems and training literature, 
provide a realistic service test for new equipment, and form an 
experienced nucleus for a yearly conference of group armament officerse 
The group commander's proposal, furthermore, contained a most pointed 
explanation of the difficulties encountered at Wright Field in securing 
the benefits of service experience. Since no bombardment unit had 
sufficient time, after completing training directives, to do "more than 
a bare minimum of the experimental bombing and gunnery work which is so 
necessary to attain the desired ultimate efficiency," and since "there 
are many aspects of both gunnery and bombing which have either been 
incompletely investigated or not investigated at all," a testing unit 
devoting its entire time and energy to these problems would "undoubtedly 
lead to a rapid improvement in the techniaue of both gunnery and bombing. "22 


The suggestion materialized six months later, when an expenditure order 


21. (CO, 2d Bomb Group, GHQ AF to CG, 2d Wing, GHQ AF, 26 Jan. 1939, 
in Arm. Lab. file, Fire Control Miscelianeous 1940. 
22. Ibid, 
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was prepared by the Armament Branch for the Air Corps Proving Ground 
2 . 

at Eglin Field, Valparaiso, Fla. 3 

fo understand the evolution of aircraft armament and evaluate the 
bombardment defense program it is necessary to understand the basic 
assumptions regarding fire power policy maintained by the personnel 
responsible for Air Corps bombardment armaments. In 1937 the Chief 
of the Engineering Section, replying to a French criticiom of Air Corps 
aircraft charging that U.S. aircraft had excessively "limited fields 
of fire't available for defense, declared that the charge afforded 
"grounds for speculation as to the up-to-dateness of the French con- 
ception of modern combat requirement." The chief expressed himself 
enphatically:““ 

Certainly present day aircraft will not have to deal with 

a type of pursuit attack which ‘flies circles around" the slow 

observation or bombardment airplanes as in wartime [World War 

I] days. With the exception of surprise meetings, modern 

pursuit attacks on "slower" aircraft will presumably be matters 

of long straightaway chases and the approach of the attacker 

will be from long, flat angles to the rear. American defensive 

armament takes into consideration the changes in relative speed 

which have taken place since the war. 

Speed, then, had changed the picture since the first World War, 
and the Air Corps was credited with having based its armament practice 


upon the assumption that most attacks would come from the rear, The 


Engineering Section chief suggested that the new B-17 and B-18 airplanes 


23. Chief, Arm. Br. to Chief, EES, 7 duly 1939, in ATSC 470, Armament 
Development. In April 1939 a board headed by Lt. Col. Douglas B. 
Netherwood, Director of the Air Corps Board, had selected the site 
of Eglin Field. See Proving Ground Command Historical Branch, 
"Historical Qutline « « «;" De Ve 

2h, Chief, ES to Chief, Materiel Liaison Sec., OCAC, 15 May 1937, in 
ATSC 333, Foreign Development. 
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should overcome the objections raised by the French, whose "point of 
view regarding the accentuation of armament and utility even at the 
expense of performance is well brought out in their own bombardment 
types." But the British, too, were sacrificing performance to armament 
and ubility. 

In June 1939 an Intelligence officer, reviewing the lessons of the 
Sino-Japanese conflict, pointed out that at the beginning of hostilities 
the "Japanese showed a tendency to follow American tactics and policies 
in the air,namely, that bombardment is invincible and that pursuit is 
growing obsolete." Pursuing this doctrine in action, the Japanese were 
contemptuous about chsolete Chinese pursuit, and as a result their 
formations were shot up in short order, 

The Materiel Division reply to this report denied the validity of 
the expression of Air Corps doctrine, "The U.S. Army Air Corps does 
not claim that bombardment is invincible and pursuit is growing obsoletett 
but rather that "formations adequately manned, of proper strength, 
disposition, training, and armament protection, can operate effectively 
without accompanying pursuits." This self-sufficiency of bombardment 
formations, the division said, was shown in the many Japanese pursuits 
‘shot down by Russian tail gunners when the Japanese attacked from the 
rears 

The Chief of the Armament Laboratory studied the Sino-Japanese 
report and drew several pertinent conclusions from it: multiple gun 
turrets were necessary for bomber defense; fire power could be achieved 


by following the British example in turrets; and the Russian experience 
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2 
proved the utility of fiexible ta1l guns against pursuit attack. 3 All 


the elements for a definite course of action were present: an expression 
of doctrine; a procf of utility in a combat reports; and a foreign preceae 
dent in mechanical design, But two critical yeara were to pass before 
these elements were formulated into a definite policy and applied to 
aireraft design and production, 

General Arnold visualized pursuit attacks on bombers from all 
angles and instigated a study to consider the feasibility of various 
methods of attack, Subsequent tests conducted at Wright Field led to 
the conclusion that the head-on attack was of Little utility. With a 
P36 attacking a B-10 under ideal conditions, nose to nose, along a 
predetermined ground course, the pursult reported that barely enough 
time remained after recognition of the oncoming plane to get out of 
the way, The best chance for successful pursuit attack, it was said, 
lay in striking within a 0° to 20° cone along the tail axis where 
structural interference to defensive fire would be greabests~° 

The problem of areas for attack was discussed by Maj. R. Ce 
Coupland, Ordnance officer:! 

It is theoretically possible to attack a bombardment airplane 

from any angle . . «, [but] the practical difficulties involved 

and the Loss of ovr fectiveness in any zone, exceot that circum- 
scribed by a 20° to 30° angle from the line of flight of the 


objective airplane, place such attacks in the category of a 
threat rather than an effective method of employing fire power, 


25. “Aerial Warfare in China," G-2 Report 2657-H-439/1051, 14 Dec, 
1938; Comments by Chief, MD, 10 June 1939 and Chief, Arm. Br., 
29 May 1939, in ATSC 336, Foreign Reports, 

26. Memo, Maj. R. C. Coupland, Ord, Dept. to G/AC, 9 Feb. 1940, in 
Arm, Lab. file, Airplanes Miscellaneous 1940, 

27. Ibid. 
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Fron this it might be concluded, Major Coupland suggested, that it had 
become necessary to redesign bombers to afford fire power from the rear 
at least "equal or better than can be brought to bear by the attacker 
in the rear cone of vulnerability. This conviction was rapidly gaining 
adherents, but for many years the logic of this conclusion had been 
isnored, 

The Armament Laboratory generally assumed that 80 per cent of all 
attacks on bombardment airplanes by pursuit would fall within a 45° cone 
to the rear,” but until the introduction of remote controls no extensive 
attempts had been made to place a gunner in the tail because of the 
weight and balance problems caused by such an installation, not to 


mention the space limitations imposed by conventional. designs,”” 


Wright 
Field assumed that teil gun positions would be impractical because of the 
high acceleration to which a gunner stationed there would be subjected.” 
To a like extent it was assumed that the pitch and yaw at the tail posi- 
tion would make sighting difficult if not impossible.” While the Air 
Corps assumed the impracticality of the tail gun, the British were 
building fourjgun tail turrets for heavy bombers, 

Changes in airplane design to reflect changes in bombardment defense 


dectrins were necessary, but a policy of standardized design was a barrier 


to such change. Thus the Materiel Division's Handbook of Instructions for 


28. Memo, Capt. P. E. Shanahan to Lt. Gol. 0. P. Echols, 19 Feb. 1940, 
in Arm, Lab, file, Ee Oe 55hml-l236 

29. Notes on visit of M. E, Goll to fire control manufacturers, Febs 
1940, by Capt. P. E. Shanahan, in ibid, 

30. Record of conversation: W. CG. McNeill, Arm, Lab. and Lt. Irving 8. 
Holley, Jr., ATSC Historical Office, 11 Oct. 1944. 

31. Record of conversation: H, L. Anderson, Aircraft Lab. and 
Lt, Irving B. Holley, Jr., ATSC Historical Office, 11 Oct. 1944. 
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Airplane Designers, 1925 edition, declared: NAL the time of writing, 
this Handbook represents the most satisfactory solution of design 
problems, hence should be used as a guide for all airplane designs 
submitted to the Engineering Division for approval. Standing alone, 
this statement would seem to indicate an abtitude of complete conviction 
and positive assurance of the division's leadership in design concept. 
On the other hand the Handbook did encourage originality: "Manufacturers 
are urged to propose variations leading to improvement," and "deviations 
will always be granted upon request to effect better solutions of 
problems." Nonetheless, it is difficult to escape the implication 
that stultification ia inherent in any system of minimum standards 
unless an unusually aggressive policy for continual improvement is 
pursued in modifying the standards. 

The number of points for a figure of merit assessed by an aircraft 
evaluation board were predicated upon an aircraft that met all the 
requirements of the general specifications and the current edition of 


the Handbook. The 1935 Handbook pointed out that its contents were 


‘mandatory unless specifically excepted in the contract.'?> In design 


compatitions tremendous importance was attached to the Handbook and the 


precise requirements of the general specifications accompanying the 
contract. Only so long as these two systems of standardization were 
revised to keep ahead of service requirements could they escape the 


responsibility for stultificaticon. 


32. Handbook of Instructions for Airplan Designers (hereafter cited 
aa aa Handbook), 4th ed., 1925, Fboreord. 
33. Handbook, 7th ed., 1932, Foreword. 
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There were contradictions in the Handbook affecting armament. The 
1925 edition suggested that a floor gun could be installed for tracer 
sighting in conjunction with a manually operated remote chain and sprocket 
drive, even though euch a device had been condemned by tactical units in 
1923. The Handbook, however, stipulated a minimum 30° cone of allowable 
area to be blanked out to gun fire by the tail assembly, and showed a 
progressive spirit by pointing out that this provision would not apply 
in the case of a gunner located behind the tail surfaces." Such a 
stipulation certainly did not discourage the use of tail guns. 

The Handbook'ts 1936 edition introduced a new feature in the Armament 
section, emphasizing the importance of designing armament functionally 
with the airplane inasmuch as armament was, after all, part and parcel 
of the primary purpose of military aircraft. Experience showed, the 
Handbook pointed out, that it was impossible to make subsequent 
satisfactory provision for armament after it had been subordinated in 
the original design, “For aircraft manufacturers who had been 18 years 
away from the realities of war, this was an important reorientation and 
& reiteration of the fundamental role of armament. 


The 1936 Handbook, furthermore, specified fields of fire for 


bombardment aircraft covering the "greatest possible portion" of the 
forward hemisphere, complete protection in the upper rear quartersphere, 
and in the sone below and to the rear, a11 stipulations of undefined 
generality qualified only by the requirement that intersecting fire 


from at least two guns should meet at 100 yards in every direction. This 


3h, Handbook, 4th ed., 1925, sec. V, Armament, pt. ITT. 
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was the first Handbook edition to mention turrets for providing the 


gunner with complete protection from the slipstream. This edition also 
contained a progressive note suggesting that "In the event that turrets 
cannot be manually operated at top speed, some means of power drive 
shall be supplied in addition to manual emergency operation." On the 
other hand, the Handbook! s concept of fire power was still limited in 
requiring turrets to be equipped with "a device to lock them in any 
desired position while firing the gunse”? 

The first revision of the 1937 Handbook required protective gun 
fire for the "greatest possible portion" of the entire sphere about the 
bombardment plane and complete coverage by aimed fire for the specified 
field of each gun position. The introduction of "aimed fire" was 
necessary, for planes had appeared with guns whose axis of bore satisfied 
the minimum requirements even though the marginal areas of the defined 
field were in such a position as to defy accurate sightings?” However, 
turrets remained optional with manufacturers, who were required to 
provide flexible gunnery arrangements sufficient to permit "rapid 
maneuvering throughout the entire field of fire without undue exertion 
on the part of the gunner,!'t an objective which was sufficiently open to 
varied interpretation to allow almost any latitude of opinion in solving 
the problem." 

By 1939 the specifications for power drives in gun mounts were some- 


what more precise, The Handbook stated that "The selection of manual or 


35. Handbook, Sth ed., 1936, sec. V, Armament. 

36, Memo Rpt., ES, 18 March 1936, in Arm. Lab. Spec. file, Boeing 
XB~ 15.4 

3%. Handbook, &th ed., lst rev., 1937, sec. V. 
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power means of operating flexibly mounted guns is dependent upon the 
combined drag of the exposed portions of the gun and the moving portions 
of the gun mount and enclosure,” If the total drag exceeded 35 pounds, 
measured at the gun butts at the highest attainable airplane speed, 


power drives were necessary.° Apparently the Handbook did not attempt 


to establish standards for ancothness in tracking and for the other 
factors affecting the efficiency of bombardment defense, 

Because of the rush of war work which pressed upon the Armament 
Branch, no revision in the section on armament appeared in the critical 
edition of/Handbook in July 1940, but the edition of the following year 
presented a completely rewritten armament section with a concept of fire 
power entirely in line with current wartime practice, involving adequate 
standards covering the number of guns employed, sighting dependent upon 
amooth tracking, provision for scanning, and gunner's comfort. That the 
power turret had at last come of age was implied in the announcement 
that "Manually operated flexible guns are no longer considered for the 
principal defense of aircraft. They may be considered as a means of 
providing supplementary fire for limited areas when crew members other 
than gunners are available for protection for short periods of time. 039 


While the Handbook of Instructions for Airplane Designers from 


1925 to 1940 showed the trend of official policy regarding bombardment 
defense, the armament installations in the bombers themselves showed 


the actual application of policy in the Air Corps. The following 


38. Handbook, Sth ed., 3d rev., 1939, sec. V. 
39, Handbook, 8th ed., 5th rev., 1941, sec. V, pt. Vy pe L2h5. 
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armament installations were standard in Army bombardment aircraft in 
September 1939: 


B-10 Martin (contract March 1931; first production article, 
July 1934) 


1 nose .30-cal, manual turret machine gun 
1 upper .30-cal. hand-held machine gun 


@ 1 lower " tt tt it 


B-17A Boeing (contract Oct. 1935; first production article, 
Nov. 1938) 


1 nose .30-cal. hand-held machine gun 

1 upper .30-cal. hand-held machine gan 
1 lower 1% ft i] tt 

2 waist tL} it it " ft i 


B-18 Douglas (contract Jan. 1936; first production articie, 
June 1937) 


1 nose .30-cal. manual turret machine gun 
@ 1 upper .30-cal. manual turret machine gun 
i lower .30-cal. hand-held machine gun 


B-23 Douglas (contract June 1937; first production article, 
Nov. 1937) 


1 nose ,30-cal, hand-held machine gun 
lL upper .30-cal. hand-held machine gun 
1 lower ti n i ft 

1 tail .50-cal. hand-held nachine gun 


@® 40, Tabular data from specifications in ATSC Contract files. 
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Chapter IV 
BOMBARDMENT ARMAMENT: TRANSITIONAL PHASE, 1934~1939 


The Glenn L. Martin Companyts BelO bomber of 1934 was noteworthy 
in the record of armament development as the first Air Corps bomber to 
appear with an enclosed turret. The B-10 carried a four-man crew and 
bristled with three .30-cal, machine guns—-one nose, one upper, and one 
lower or floor position, Of these three emplacements, the nose turret 
was significant because it represented a revolutionary departure from 
earlier practice. In the position formerly occuped by a ring mount, 
Martin installed a single gun in a rotating dome 36 inches in diameter 
and 35 inches high at the apex, the whole a welded steel. framework 

" sheathed with gore-shaped sections of "plastacelle." 

The manually operated dome or turret retained many of the features 
of the ring mount from which it evolved, and typical of the evolutionary 
process, its design was retarded by an attempt to modify existing equip~ 
ment rather than to solve as directly as possibie the problem encountered. 
The gun mount within the turret utilized the old system of shock~cord 
compensation, and the turret track was designed to lock in any one of 
36 different positions for firing. 

The Martin turret marked a long step forward in the contest against 


slipstream, but as a solution of the tracking and sighting problem it 


él 


MES THOT 
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left mich to be desired, A BelO service test in 1934 revealed that the 
nose gun did not cover the stipulated field of fire, was uncomfortable 
for the gunner, and was not correctly proportioned to provide the 
gunner with ample head room, Despite ail these shortcomings, however, 
it was reported as easy to manipulate at high speeds.” 

The perfection of armament inevitably is costly in terms of airpiane 
weight, and it is necessary in evaluating the Martin turret to appreciate 
that this entire installation weighed only 80 pounds. In view of the 
Air Corps requirement that the contractor guarantee the estimated air~ 
craft “weight empty" to within 1 per cent, it is not difficult to 
understand why airplane manufacturers were loath to devote any unusual 
effort to perfecting armament installations.” 

The type specifications for multi-engine bombardment airplanes, 
revised in 1935, called for the installation of a mininum of three 
positions, all mounting .30-cal. guns. The nose gun, arranged to cover 
the "maximum portion't of the foresphere, the upper midship gun to cover 
the upper rear quartersphere, and the lower or floor gun to cover the 
lower rear quartersphere were all required to be capable of rapid 
operation at maximum airplane speeds, The disposition of any additional 
guns was optional with the airplane manufacturer, In view of the weight 
penalty involved, it seemed unlikely that manufacturers would seek more 


than the minimum requirements, a situation which suggests that the 


1. Service Test,Requirements Manual on armament equipment installed 
in B-10, B-12 series airplanes, 13 Aug. 1934, in Arm. Lab, Evalua- 
tion file. 

2. Glenn Ll. Martin Specifications for YB-10, 24 July 1934, in Spec. 
Br. file (obsolete). 
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minimum standards should have been raised to insure an ample margin of 
performance in terms of fire power, Similarly, such loosely defined 
zones as the "maximum portion" of the foresphere field of fire appear 
to have offered a considerable latitude to the manufacturer in the 
selection of armament installations. 

One requirement of the revised type specifications, however, gave 
promise for the future. The manufacturer was required to provide an 
enclosure for the upper rear emplacement in order to give complete 
protection from the slipstream and visibility "in al] directions," 
rendering the position a lookout for the airplane.” A lookout implied 
@ protuberance, and a protuberance represented a victory in the contest 
against the aircraft designers who placed streamlining and airplane 
performance over armament utility. So strong was the feeling of 
designers and manufacturers against aerodynamically poor armament 
protuberances that the Armament Branch at Wright Field felt it necessary 
to develop a turret independently and without regard for any particular 
bomber, 

In January 1935 the Curtiss Aeroplane and Motor Company informed 
Wright Field that the Navy was negotiating for a Curtiss manually 
operated gun turret, The Chief of the Engineering Section, anxious to 
avoid needless duplication of effort, auestioned the Navy on the project; 
but the correspondence lagged until a year later when Curtiss submitted 
rough drawings of the turret, an enclosed ring mount 40 inches in di- 


ameter and capable of 360° azimuth rotation and 90° to -30° elevation 


3e Memo Rote, BS, 9 Oct. 1935, in Arm. Lab. Circular Proposal file, 
Bonbarduent Multi-engine Airplane Spec. 96=201-A&B, O.P. 36-5456 
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movement, Curtiss asked $4,255 for this turret, which mounted a .30= 
eal, gun and contained an azimuth hand-crank system, making rotation 
possible in airspeeds as high as 200 mph." 

Calculations at Wright Field indicated that the Curtiss turret 
would result in an 18 per cent speed reduction when mounted on a B16, 
that is, reduction from a top speed of 220 mph to 186 mph, and that 
the turret would cost 18 per cent of range and 2 per cent of service 
ceiling. The conclusion was, therefore, that such turret installations 
must be retractable to reduce the drag as mich as possible. 

In October 1936 Curtiss offered a new and improved turret to the 
Materiel Division for $5,847.75; and after protracted negotiations 
concerning unrestricted patent and design rights in the contract, a 
turret was delivered to Wright Field in May 1937. The purchase proved 
of little value, however, for as late as July 1938 the Armament 
Laboratory reported: “Repeated efforts to secure a B-16 airplane for 
the short period necessary to install and test this turret have met with 
no success and the development has now lost importance due to later 


5 


designs,"" In an organization already starved for funds, blind alleys 
were more than merely costly. 

While Wright Field was negotiating the Curtiss contract, the 
Douglas Aireraft Company built the first [DB-l1, the Air Corps B-18, which 


complied with the minimum type specification requirements for three 


4. Chief, ES to Inspector of Naval Aircraft, WF, 23 Jan. 1935; Memo 
Rpts., EES, 5 Feb. 1935, 12 May 1936, 3 Aug. 1936, and 22 Aug. 1936; 
and Chief, EES to Curtiss, 16 May 1936, and Curtiss to Chief, MD 
(uF), 10 June 1936, in wk Arm. Lab. file, 2.0. 553-1-261 Curtiss. 

5. Note by k. E, Goll, Arm. Lab., 15 July 1938, in ibid. 
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flexible gun positions, The nose and floor guns were more or less 
conventional, but, as a "689" inspection board reported in August 1935, 
the bidder elected to diverge from the requirements in the case of the 
upper rear gun, "with the result that an arrangement superior to that 
required has been provided." The term "689" refers to the blank form 
used in making final acceptance tests. The term lingered on Long after 
the form disappeared, 

The manually operated turret of the B18 included many novel 
features. It was retractabie, although the board suggested that 4 crank 
and cable retracting mechanism replace the existing elastic shock-cord 
syste, which was certain to prove inadequate in service use. Further- 
more, the board considered the gun aperture slot closers as "an excellent 
idea well worked out," The inferior quality of the transparent "paraline"™ 
plastic sheets was criticized, thus focusing attention upon the diffi-e 
culties encountered in gun turret development before the appearance of 
plexiglas. The B-18 turret was primarily important in making a start 
on the practical problens facing all turret desigers: retraction, slot 
closure, dome contour, and the selection of transparent sheathing, ail 
considerations which had far to go before attaining even a semblance of 


design stabiliazation. 


6. Airplane Evaluation Board Report, Armament Inspection, 30 Aug. 
1935, in Arm, Lab. file, Airplane Evaluation Folder 1 C.P. 39-800, 
38-385, Airplanes A-~17 to Be26, The technological lag in trans- 
parent acetates and the slow evolution of an easy~to~cast, durable, 
shatter-proof plastic was to delay the developuent of other air- 
plane components as weil, such as bombardier compartments and 
bubble canopies. 
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The importance of the Douglas B-18 turret was amplified far beyond 
the actual stage of technological development it represented when in 
June 1937 the Air Corps contracted for 177 B-1l8A's at a cost of some- 
thing less than $12,000,000, This represented quantity production 
on a scale unknown since the last war, and as such exemplified the 
Air Corpst interpretation of a modern bomber. As finally revised 
in February 1940, the Bel@A carried three .30-cal. machine guns as it 
had in 1937; and no provision was made for additional guns or alternate 
installation of .50-cal. weapons.” 

As early as April 1935 Douglas was thinking in terms of power 
turrets, and drawings for an improved version of the B-18 contained 
tentative outlines for power-driven nose and upper midship turrets, 
The nose was a4 pear-shaped compartment driven about its vertical axis 
by a worm and gear drive powered from a Vickers hydraulic unit, The 
Engineering Section suggested that the power turret idea contained 
sufficient merit to be procured "at additional cost to the Government," 
but added, somewhat pessimisticaily, that “although a power driven 
turret is desired, it is believed that this proposal is too incomplete 
to evaluate.” Despite the fact that this installation never actually 
passed the experimental stage, it was significant in that it utilized 
a Vickers hydraulic power drive unit which contributed to the develop- 


ment of the contemporary Vickers drive unit, 


7. Contract W535 ac 9977, 23 June 1937, (DB-5} B-1#A, in ATSC Contract 
files, 

8. Contract W535 ac 9977, 23 June 1937, with revisions to 29 Feb. 1940, 
in Arm. Lab. file, Douglas B~18A Contract ae 9977, folder 2, 

9. Change Order #7, 19 Oct. 1938; and Memo Rpt., ES, 10 March 1939, 
and UR correspondence, in ibid. 
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The efforts of the Armament Branch to improve the original B-1é 
brought the whole problem of turret development into focus, So long 
as single .30-cal. Brownings were employed in bomber defense, there 
was comparatively less need for power turrets, but the trend toward 
.50=cal., weapons made power training imperative. The use of .50-cale 
guns actually decreased defensive efficiency before the appearance of 
power turrets, for not only were the heavier guns more difficult to 
maneuver in the slipstream, but their bulk made internal structural 
interference an appreciably greater factor, To overcame the first 
objection, at least in part, wind vanes were ordered for the B~I8A 
upper turret, but nothing short of redesign could overcome the latter 


objection. As the Handbook of Instructions for Airplane Designers hed 


pointed out, armament installations not an integral part of the 
original aircraft design were inevitably unsatisfactory. 

The Armament Branch, in evaluating the DB-4 (B-16A) drawings, 
dismissed the floor gun position as "of little value’ because of its 
limited visibility; bub even more serious was the Limitation on fire 
in the upper foresphere imposed by the underslung position of the 
nose mount. Various attempts at Uright Field to devise a mall 
‘upper nose turret led only to better understanding that the exact 
requirements for turrets seemed to develop only from actual construc- 
tion experience, 

When pressed for information to fulfil its obligation to revise 
the Handbook, the Armament Branch retorted, "No definite steps can 
be attempted at present to supply exact requirements for fiexible 


machine gun positions," and concluded that large expenditures of time 
mete Efe 
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and funds would be necessary before flexible machine gun emplacements 
could be considered adequate for modern high=speed aircraft, a deduction 
that could have been made in 1918. It was pointed out, however, that 
progress in turrets depended upon prior solution of a number of specific 
problems: computing sights to replace wind-vane sights, ballistic data 
for machine gun fire, the perfection of recoil adapters, and the arrange- 
ment of feeds and magazines, -" 

In 1936 the Materiel Division initiated two experimental long-range 
bomber projects, XBLR-2 with Douglas and XBLE-3 with Sikorsky. The 
Sikorsky drawings called for an imposing array of armament, including a 
37m. cannon and six .50-cal. machine guns, The cannon was to be 
mounted in a manually operated upper turret. A lower rear single 
-50=cal. gun turret design provided electric retraction and azimuth 
rotation, but only manual elevation. When these proposals were con- 
sidered at Wright Field, the 37-mm,. manual turret was viewed with 
reasonable alarm, but nothing ever came of the project, since the 
Douglas XBLR=2 proposal eventually won the competition as the better 
of the two proposals and a contract was negotiated for the airplane, 
later to be designated xB-19.4 

The Douglas KB-19 specification called for two 37=-mm, cannon, 
four ,30-cal, and four .50-cal. weapons, disposed in various forms of 


turrets and mounts about the aircraft, but no provision appeared in 


10, AC Tech, Rpt., "Flexible machine gun equipment for enclosed 
positions," 21 Jan. 1937, in Arm, Lab, file, B.O. 553-1261. 
11. Memo Rpt., £5, 12 March 1936, Sikorsky Aviation Corp, Project 
M5-35, in Arm. Lab. Spec. file, 
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the original 1936 specifications for a tail guns” When the Air Corpa 
accepted the XB-19 in 1941, the armament was almost exactly as originally 
planned save for the addition of a single «50~cal, tail gun mounted much 
like the gun in the B-23 tait.? 

The XB«19 turrets were legical developments of the experimental 
work done in connection with the Douglas airplane series DB-1 through 
the DB~h. The nose turret was a simple combination of hydraulic pistons 
or jacks, sometimes referred to as struts, driving the turret through 2 
Limited arc in both azimuth and elevation. The upper turret utilized 
the hydraulic piston principle for elevation operation, but employed a 
Vickers unit and V-belt drive for azimuth rotation. Hydraulic pressure 
entered the turret through a rotating gland not unlike the Boulton-Paul 
patent, and a four-way valve controlled the Vickers unit in speeds 
ranging from 3° to 60° per second in azimuth, Elevation speeds were 
more positive, running from 0° to 60° per second. 

As originally conceived, the XB-19 turrets were 4 normal step in 
the evolution of power turrets, but the actual process of manufacture 
consumed such an exceptionally long time that other and more promising 
turret designs had taken the field when the Douglas turrets appeared. 
Whether or not the XB-19 turrets ever reached production becomes a matter 
of small concern, however, if the leasons inherent in the designs were 


extracted for future applications. It is impoesible to evaluate the 


importance of Douglas experimental work with the Viekers unit; but in 


12. Douglas Project M35, in ibid. 
13. Memo Rpt., EES, 13 May 1941, in ibid. 
1h, Ibid. — 
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the light of ite subsequent critical role in turret development, the 
experience derived in using the rudimentary Vickers unit would seem to 
have justified the entire expense of the XB-19 armament installation. 

It was perhaps unfortunate that Douglas attempted to jump from 
manual .30-cal. turrets to 37-mm. cannon turrets without first having 
perfected ,50-cal, turrets, for there were many problems encountered 
with the 37-mm. cannon which were essentially cannon rather than turret 
difficulties, In principle the Douglas turret called for a .30-cal. 
machine gun mounted rigidly with the 37-mm. cannon, the former to serve 
as @ sighting guide for the latter. This installation erroneously 
assumed that ballistic qualities were similar, This was not surprising 
inasmuch as only one 37-~mm. cannon was available to the Air Corps as 
late as 1937, and that one dated back to 1921.17 Even more important, 
perhaps, than the lack of available ballistic data was the fact that 
the lack of information regarding the 37-mm, cannon delayed Douglas 
in designing the whole fuselage.!° 

As late as December 1939, Douglas asked the Materiel Division for 
the information accumulated as a result of service testing the DB-2's 


experimental, power-driven nose turret, In order to design the X19 


turrets efficientiy, Dougias was anxious to extract every lesson possible 


from the earlier experiments and, Lacking adequate range facilities, 


wanted Wright Field to make official test findings available, In addi-~ 


tion to information regarding total running time, unsatisfactory reports, 


15. "Notes on Air Corps Ordnance Conference," 16 June 1937, in Arm. 
Lab, file, Misc, Confidential. 

16, Douglas to MD (iF), 24 Feb. 1938, in Arm. Lab. Contract file 
ac 8132 Douglas XB-19. 


ah “ 


u 


THIS PAGE Declassified IAW EO12958 — 


This Page Declassified IAW EO12958 


AAFHS~5h 71 


and overhaul. periods, the Douglas designers were especially interested 
in Wright Field opinions on the turret's acceleration rates, minimum as 
well as maximum, en important consideration which was later neglected 

by; many turret manufacturers during the initial development period. ©! 

\hen no letter arrived from Wright Field, Douglas reiterated the 
request in March 1940. The Experimental Engineering Section's reply 
stated that the tests conducted on the Douglas nose turret were inw 
sufficient to warrant comparison with other equipment. In view of the 
meager funds available te the Armament Branch, it would seem advisable 
to have pursued a policy of extracting every possible value from experi- 
mental items, 

Limited procurenent implies a necessity for intensive testing to 
insure maximum results from a scanty budget. The complaint of inadequate 
funds becomes invalid if the equipment procured with the money available 
is not exploited to the utmost, Even more unfortunate, perhaps, the 
Experimental Engineering Sectionts reply brushed off the Douglas request 
by suggesting that Douzlas apply for any further information to the 
Bendix Corporation, which was then interested in the turret problen,/® 
It cannot be said whether or not this action killed off a potential 
turret source, but, significantly perhaps, no Vouglas turret develop- 
ments appeared after that date. In contrast to this unwillingness to 
utilize available equipment was the aggressive, sales-conscious attitude 


of the Martin Company, which wrote to the Materiel Divisions: "During 


17. Douglas to MD (WF), 28 Dec. 1939, in Aru. Tah file, B, 0. 55h-1- 
123. ° 

18. Douglas to MD (.F), 20 Earch 19403 and Chief, ES to Douglas, 
29 March 1940, in ibid. 
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our present production of front gun turret assemblies .« « « we have made 
numerous improvements, Desiring that the Division may benefit from such 
improvement » « « one drawing . « - is being forwarded.” 

Worth American Aviation specifications in 1937 for a twin-engine 
bomber, the XB-21, called for an armament array of five cal. JU guns, 
a hydraulic nose turret carrying one .30, & -30 in either waist, and one 
‘in the conventional floor position.” Tests conducted on the XB-21 oy 
the Armament Branch indicated that the Vickers unit power-drive system, 
utilizing a valve system not unlike the Boulton-Paul patent version, was 
improperly engineered, since the moters became “unoperable during inspec~ 
tion," apparently because they were underpowered, Despite the novelty 
of the drive feature, the all-important detail of slot closure for 
protection from blast had been completely neglected. = 

The experimental contract negotiated for’a single XB=21 in May 1936 
called for hydraulic turret installations. Like the Douglas turrets 
developing at the same time, North American's experiments were valuable 
only in so far as they contributed to the slowly accumilating fund of 
armament information in the Materiel Division. 

Parallel in time with Douglas and Curtiss developments were those 
of the Boeing Aircraft Company. In 1935 Boeing's B=15 desigu, lineal 
ancestor of the heavy bomber of World War II, proposed two flexible 


rn eee 


19, Martin to MD (WF), 12 Aug. 1996, in ATSC 473.5, General. 

20, North American Spec. NA-21, 13 Jan. 1937, rev. to Oct. 1938, in 
ATSC Spee, Br. file, Obsolete. 

21. Memo Rpt., ES, 14 April 1937; and Memo Rpt., ES, 9 April 1937, 
and revision, 13 July 1937, in Arm. Lab. file, Evaluation Folder 
1, CsP. 39-§00, 38-385, Airplanes 4-17 to Bw26. 

22, Contract AC 11070, 14 May 1938, in Arm, Lab. file, Horth American 
XB-21 Contract AC 1070. 
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~50=cal. and four flexible .30-cal. weapons, ali in plastacelle blisters 

or panels in conventional nose, upper, and lower positions; but not a 
single gun was contemplated in the tail. The XB~20, another Boeing product, 
carried essentially the same armament as the XB-15, 

Tests conducted at Wright Field in February 1938 to determine the 
suitability of the XB-15's armament revealed that the manual nose turret, 
a small transparent semisphere not unlike the nose mount of the B18, 
was extremely difficult to operate, requiring 80 pounds exertion when at 
90° azimuth and at 250 mph airspeed. A Wright Field report recommended 
the installation of a power drive and additional pick-up windows to 
improve scanning. Moreover, the report continued, "it is important that 
the area directly to the rear be amply protected by a directly or 
renotely controlled gun! The distance between a Wright Field recommen- 
dation and the actual execution of a design change by a manufacturer was 
amply demonstrated in General Arnold's fire control conference in December 
1939, when Boeing was reported as saying that the manufacturer "could not 
possibly" put a tail gun on a B-17 since that would require them to 
"redesign the whole tail," The evolution of the B-17's armament in~ 
stallations provides even better evidence of the difficulties facing 
the Materiel Division in the attempt to get aircraft manufacturers to 
install turrets. 

The Armament Branch studjed Boeing's model 299, the future B-17, 


submitted in 1935 in reply to Circular Proposal 35-26. In place of the 


236 Memo Rpt., BS, 10 Feb, 1938, XB+15, in Aum, Lab. SPEC, file; 
see also Boeiig Y1B-20 and XB<15 Specs. 
2h. See p. 3%, footnote 20, this study, 
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minimum three .30—cal, gun positions stipulated in the type specifications, 
the bidder elected to install five positions, two waist guns in addition 
to the conventional emplacements. At Wright Field this proposal seemed 
unsatisfactory:”° 

Although the combined area covered by the three upper guns is 

undoubtedly greater than that which could be allocated to one 

retractable turret, it would require three gunners constantly 
stationed at these positions during an engagement. This number, 

in addition to the nose and floor gunners, would be in excess 

of those who could be allotted for defense out of the crew of 

fives 
It was pointed out that visibility was actually reduced in using three 
positions, for the time required to pick up a target leaving one field 
to enter another miyht be so great as to reduce the total field of fire 
below that of a rotating turret manned by a single gunner. 

Despite the opinions of the Armament Branch, the 45-17 appeared 
with five flexibie machine guns in the five positions initially planned. 
No substantial changes in this arrangement appeared down through April 
1937, when the YIB-17A specifications were prepared. Firing tests 
conducted at Langley Field revealed that the waist guns were restricted 
to a 20° angle of down fire, a zone somewhat less than that prescribed 
by the contractor's own specifications, and the lack of scanning windows 
coupled with the area blanked out by the tail assembly effectively 
reduced the aircraft's over-all armament efficiency. The Armament Branch 


concluded that the guns did not defend the airplane satisfactorily and 


declared that ‘further procurement of large airplanes should be accompanied 


25. Memo Rpt., ES, 1 Oct. 1935, in Arm. Lab. file, Evaluation Folder 
1, C.Pe 39-800, 36-385, Airplanes A-17 to B-26, 
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By the requirement that one well. designed powcr driven turret located 
in the upper rear position provide the principal defense of the air- 
plane,"26 
. In the summer of 1937 the Armament Branch reported that major 
changes were essential in the 217 to overcome"unsafe conditions" and 
"improper functioning of armament equipment." The "existing limita- 
tion." would be "sreably mapnified at increased speeds," and power 
operubion of the nose turret was wandateory, An improved upper turret 
would not only provide a leokout, relieving crew meubers at the waist 
positions for other duties until an energency appeared, but would greatly 
increase the field of fire.*/ These criticisus notwithstendiag, the 
B-173 appeared with one flexible .30-cul. in the nose, another in a 
streamlined blister upper position, a similar lower position, and tuo 
.30-cal, waist funs. 

Some indication of the contest between armament and aerodynamic 
interests appeared in the &-17B specifications, which listed "deviations 
and exeepbicns" to requireaents, including a "streamline turret without 
devnward angle of fire used to improve the aerodynamic characteristics 
of the plane, "26 These compromises imposed by aircraft design were un- 
satisfactory. uright Field Ovaluaticn Joard reported in July 1939 
that the Boeing blisters were of unclean design and did not meet the 


specificution rezuirements., !oreover, the single nose gun offered 


26. Bemo fpt., 03, 24 April 1937, ia ama. Lab. file, 5.0. 553-27h. 

27e Memo npt., Es, 7 duly 1937, in Arm, Lab. File, Bombardment Multi- 
engine sirplene spec, 98-201-5, CoP. 36-545. 

28 USsAF spec. Bel7H, (Model 98-201-2418), 3 Aug. 1937, in ATSU Spec, 
Br. file, Obsolete. [Underscoring added. ] 
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unsatisfactory coverage in the foresphere, while the upper and waist 
gun combination were unsuitable for covering the area blanked out by 
the tail assenbly.~” Apparentiy the lessons inherent in the B-15 
design had not been applied in the Bel7. 

The Materiel Division recommended in October 1939 that the side 
blisters be removed from the BH17B,° 0 but the Bosing specifications of 
March 1940 for the Bel17C reported “protuberances and gunfire substantially 
the same as B~17B." The Boeing B+L7D specifications revised to July 1940 
remained the same as the B-17B, with the exception of modifications re- 
placing the lower blister with an elongated “hathtub't and the installa- 
tion of six "strategically located" ball and socket mounts for inter- 
changeable use of the single +30-cal. nose gun. Not until the 
appearance of the Be17E in 1941 were turrets added and the tail modified 
to mount twin .50ts, 

Bomber manufacturers for the Air Corps were not the sole source of 
power turret promotion. By the end of September 1939 the Navy was 
circulating tentative specifications for patrol bomber power turrets.?“ 
The Materiel Division learned in February 1940 that the Navy regarded 
turret development as advanced enough to warrant their installation in 


the new Consolidated PBY., The Bureau of Ordnance specifications were 


29. Evaluation Work Sheet, Boeing 299M, 29 July 1939, in Arm. Lab» 
file, Ewaluation Folder 1, C.P. 39-800, 38-385, Airplanes A-17 to 
Be2 Fy 

30. TWX, MD (IF) to MD (Wash,), 26 Oct, 1939, in Arm. Lab. Contract 
file, Bel7B, Boeing ac 10155, 

31. Boeing Spec. 299R, 11 March 1940, B-17C, in ATS? Spec, Lab. file, 
Obsolete; see also B-~17D Specs, (uode1 ¢ C-212-4,.) 

32 Chief, Arm. Lab. to Navy Liaison Officer, 29 Sep. 1939, in ATSC 
473.5, General. 
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considerably more specific than any comtemporary project of the Materiel 
Division, stipulating azimuth speeds up to 90° per second, standard ring 
sizes, and provision for "in flight" cleaning of scanning domess” 3 

In May 1939, Vultee Aireraft, Inc., offered the Materiel Division 
an electrically powered flexible gun mount. The division's Technical 
Executive instructed the Armament Branch to investigate the Vultee 
project "very carefully" with a view toward possible application on 
several types of planes if it proved feasible. The Chief of the Experi~ 
mental Engineering Section later reported that the Vultee mount had 
merit, then added (rather inexplicably, in view of the trend toward 
power mounts) that "There are, however, serious objections in that power 
operation is required." An appreciation of this objection is possible 
only if one recalls the seriously low capacity of existing aircraft 
generators, which made the addition of any electrical accessories 4 
cribical decision. It is difficult to determine just how mich the low 
capacity of standard aircraft generators retarded tne development of 
power turrets, but undoubtedly the influence was appreciable. Vultee 
offered an experimental model to the division at $22,139.22 including 
a 12 per cent profit, and a mount was secured for testing at the Armament 
Laboratory.?" 

The Vultee mount was nob a turret but an assisted motion flexible 


mount, which the Armament Laboratory rejected for a number of reasonae 


33. Memo, B. h. Chidlaw, Capt, A ©, to Chief, HES, 29 Sep. 1939, in 
Ariae Lab, file, Secret Correspondence, folder 2, 1940. 

3h. Vultee to MD (WF), 27 Nay 1939; R&R, 27 May 1939 and 1 June 19393 
and Vultee to MD (WF), 12 July 1939, in Am, Lab. file, Machine 
Gun Mounts 1938-1939. 
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Its dispersion pattern was twice the normal size for comparable mounts, 
its current consumption without wind load was excessively high, and its 
spade-grip, electric—-button drive contrel provided directional rotation 
bub no speed control.” The Armament Laboratory felt that a modification 
was neither practical nor justified as to expense because of the mount's 
© ‘inherent fallacy in fundamental design," but concluded that the manu= 
facturer had acquired a "much better conception" of the power mount 
problem in the course of fabricating the experimental model.>° By slow 
stages the Armament Branch was acquiring the practical experience 
necessary to undertake the task of equipping bombers with power turrets, 
By 1938 the Materiel Division and the Air Corps in general had 
begun to acquire a "much better conception" of the fire power problem 
@ in bombardment aircraft. The GH2 Air Force had raised some interesting 
questions regarding rear-firing guns: Would the advantage of atail gun 
offset the loss in speed and performance? Could a tail position be so 
constructed as to insure comfort and firing efficiency for the tail 
gunner? And finally, Has practical experience in this country proven 
the desirability of the adoption of such installations in Army bombardment 
airplanes?>! 
At the Materiel Division it was believed that even the B-184 was 
inadequately armed, and a better tail gun could be installed if the 
® necessary space requirements were established during the initial design 


stage of the airplane. However, since no physical tail gun installations 


354 Memo Rpt., EES, 16 Sep. 1939, in Arm. Lab. file, EB. 0. 553~1=300. 

® 36, Memo Rpt., EES, 2 Nov. 1939, in ibid. 
37. OG, GHO AF to MD (iF), 14 July 1938, and 2d ind., MD (WF), 23 Auge 

1938, in Arm. Lab, file, E.0. 553-283. 
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from which experience could be derived had been made in the Air Corps, 
it was the opinion of the division that there was no specific answer 
to the problem, 

The Navy was mounting tail guns in the XPBS=1 and the XPB-2Y1, but 
infomation concerning these installations had not been made available 
to Wright Field where the prevailing opinion had hitherto held that .the 
excessive pitch and roll and yaw of the extreme tail position would 
prevent accurate firing from the tail even if a gun could be installed 
there.~ 

The Armament Laboratory reported in July 1938 that a fixed gun in 
the BelSA tail could not adequately defend the large area blanked out 
by the tail assembly, but a remotely controlled gun sighted from the 
upper turret might prove satisfactory, The laboratory recommended that 
designs including this idea be solicited from interested manufactureras”” 

As an interim measure, the Materiel Division procured the Douglas 
Be23, & major modification of the B-18A. The new bomber carried four guns, 
three conventionally placed .30-cal., guns and a single .50-cal. in the 
tail; but unfortunately it represented a retrogressgion, since, with the 
addition of a tall gun, apparently less attention was devoted to the 
upper midship gun. The turret of the B-1é had been removed and in its 
stead, as the specifications pointed out, firing could be accomplished 


through removable windows. 


38. Ibid. 

39. Memo Rpt., ES, 13 Aug. 1938, in ibid, 

4O. Douglas Spec. B-23, 5 Dec. 1936, rev. to 15 Kay 1941, in ATSC 
Spec. Br. file, B-23, Obsolete, 
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e The Armament Branch was far from satisfied with the B-23. Tests 
revealed that the nose gun was "decidedly unsatisfactory." It was 
designed without reference to the realities of combat, for the gun had 
to be stowed to use the bombsight and stowing was virtually a two-man 
| job. Furthermore, the newly conceived tail gun was given but secant 
@ recognition as "satisfactory within the limits of its design," Leaving 
the gunner cramped and with inadequate scanning. Moreover, it was 
impossibie to crawl from the waist to the tail while wearing a parachute. 

Shortly after the outbreak of the European war in September 1939, 
an RAF Air Vice Marshal colorfully divided all German fighter pilots 
into two general categories, "Gladiatorstt and "Scum." The majority, he 
declared, belonged to the latter class; for they were extremely "reluctant 

@ to close" with bonbers equipped with tail turrets.” 

In the United States there were no tail turrets, The backbone of 
the Air Corps bomber strength consisted of B-18's, of which a tactical 
officer reported, "It is believed that the present defense armament is 
inadequate and not tactically sound. nh The 7th Bomber Group at Hamilton 
Field complained in an Unsatisfactory Report that it could not finish the 
prescribed course of training because the Be]§ nose gun was go designed 
as to make it "practically impossible to assume the proper sighting 

@ position." This deplorable situation waa conmon knowledge at the Materiel 


Division, but the report contained a single comment which probably accounted 


41. Memo Rpt., EES, 21 Oct. 1939, in Arm. Labs file, Douglas B-1@A, 
Be23 Contract ac 9977, folder 2, 
h2. Advantages of tail turrets for machine guns, by U. 5. Military 
@ Attache for Air, England, Rpt. 41007, 21 March 1940, in WF Lib., 
D72.11/9h. 
43. Memo Rpt., ES, 10 March 1939, and ist ind., 31 Jan. 1939, on 7th 
Bomb Gp. UR, 30 Jan. 1939, in ATSC 473.5, General, 
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for the whole state of affairs when it asserted that no previous Un- 
satisfactory Report had been filed on the subject.“ It would be 
unthinkable to expect the Materiel Division to operate in a vacuums 
Only so long as a constant stream of critical reports from the service 
arrived to shape plans and policy could the division hope to move along 
@ progressive lines. If this critical element was lacking in the peace- 
time years, the impetus of war brought an entirely different measure 
of activity and enabled the division to demonstrate its latent capacity 
to develop armament equipment. 
The Martin B=~10, the Douglas B~18 and its lineal descendant the 
B-23, the Douglas B-19, the whole Boeing family (B-15, B=l7, and B20), 
the North American Aviation's Be2l, and the individual turret develop- 
Yd] ment projects undertaken independently by manufacturers working in 
conjunction with Wright Field all illustrate the transition from hand- 
held guns to power-operated turrets. The next step in the evolution 
was the perfection of the mechanisms employed in fire control. Although 
the concept of fire power had reached maturity, the mechanisms conceived 


to implement that concept were a long way from completion. 


e he Ibid 


° 


—“SFHOTEg- 


THIS PAGE Declassified IAW EO12958 — 


This Page Declassified IAW EO12958 


Chapter V 
EVOLUTION OF PCWER TURRETS: EXPERIMENTAL PHASE, 1938-1940 


The evolution of a remotely controlled gun for the B=18 tail gun 


position is of peculiar interest not only because it marks an important 

step in the rise of a jarge-scale turret industry, but also because it 

explains just how the Armament Branch went about the task of steering 

an important manufacturing source into a novel production field, It 

is necessary to examine this steering process in detail in view of the 

fact that a large proportion of Armament Laboratory activity was devoted 
@ ts monitoring manufacturers! projects. 

As early as July 1938 representatives from Wright Field, visiting 
the General Electric Company's plant at Fort Wayne, reported the develop= 
ment of an electric variable-speed drive, called metadyne, which might 
be applicable to gun control units.! The "obvious necessity" of remote 
control guns in supercharged cabins and tail positions Led Wright Field 
to open discussions with the General Electric (G.E.) Schenectady plant, 
already familiar with gun controls on Navy contracts, for the various 
electric drives available. The metadyne and pliodyne systems seemed to 


@ hold most promise; each represented variations of the shorted-armature, 


1. Memo Rpt., ES, 6 July 1938, in Arm Lab. file, Misc. Correspondence, 
1938. 
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® controlled-field drive used extensively with heavy industrial equipment 
requiring constant speed under varying torque loads.” A short time later 
the Zquipment Laboratory independently obtained the same information and 
forwarded it to the Armament Laboratory with the suggestion that the 
Armament Branch establish torque and speed requirements for such controls 
@ to permit allocation of funds by the Equipment Branch for development 
purposese 
In November 1938 representatives of the Navy, the Materiel Division, 
and GE. held a conference in Schenectady to reach a decision on the 
drive to be installed in a tail gun installation proposed for the B18. 
A multiple contact control, the Bowman system, devised for Navy search~ 
lights, was rejected as inadequate, and the conference decided in favor 
© of the metadyne system originally designed for Navy five~inch shipboard 
gun controls, The engineers at G.E. asked the Materiel Division repre- 
sentatives for all available information which would facilitate the 
preparation of their initial proposal.* hen these design data were 
received, GE. promised a proposal in two weekse” Not until 3 March 
1939, however, were a final proposal and detailed specification ready 
for Wright Field. 
The G.E. remote tail gun, offered to the government complete with 


@ compensating sight at ¢25,000, contained a number of novel features, The 


2. Memo, Capt. c. S. Irvine to Chief, ES, 23 July 1938, in Arm. Labs 
file, H.0. 554-~2-96. 
3. R&R, Chief, Equip. Br. to Chief, Arm. Br., 13 Aug. 1938, in ibide 
4, Rpt. of MD representatives on conference at G.E., Schenectady, 
3 Nov. 1938, in Arm, lab. file, Secret Misc. Correspondence, 
@ folder 2, 1940. 
5. GB. to VD (aF), 2 Sep. 1938, in Arm. Lab. file, E.0. 554-296. 
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single .30-cal. gun was controlled through a 40° cone ot fire by an 
amplidyne drive, a modification of the earlier metadyne system, The 
installation was to be capable of a 30°..per-second maximum speed within 


@ 75- to 350-wett range of power consumption, The compensating sight 


wag to correct for ballistics and parallax, but range, air speed, and 
@ relative target speed were entered aa constants, The gunner, stationed 
) in the upper B-14 turret, sighted through either one of a pair of 
standard collimator, illuminated reticle, parallax reducing sights 
designed to give a relatively unobstructed line of vision past the tail 
assembly, The original specifications called for bicycle-pedal turret 
rotation, but this imnovation was never perfected. The gunner charged 
the gun by a system of cable and pulleys. The magacsine carried only 
@ 185 roundse’ 
The tail gun project gave ample evidence of the difficulties in~ 
svitably attending the development of a novel item of equipment by a 
manufacturer not entirely familiar with the problems of aircraft design. 
The limitations arising from this inexperience on both sides were nowhere 
more cogently illustrated than in the negotiations between Wright Field 
and GE. which resulted in this aberrant directive from the Gontract 
Section at Wright Field: "Any electrical connections which may be 
@ required between the turret and tail gun installation shall withstand 
rotation of the turret throughout 360°, No provisions are required, 
however, to permit turret rotation in excess of 360° in either direction." 


Despite the obvious handicaps of working in the dark, an experimental 


6 GE. to KD (iF), 3 March 1939, in ibid, 
7%, Contract Sec, (WF) to G.E., 30 June 1939, in ibid. 
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tail gun was ready for firing tests at Aberdeen Proving Grounds in 
November 1939.5 

Even before G.E. undertook to develop a tail gun, the Materiel Divi- 
sion displayed an interest in power-operated turrets. Aas early as 1936 
a board of officers appointed to evaluate multi-seater fighter designs 
recamended "power operation for all large caliber gun turrets" as well 
as provision for future incorporation of remote control systems permitting 
a "considerable saving in personnel complement" and improved fire power 
in airplanes. The division concurred in these recommendations, but un- 
fortunately in the fiscal year 1936 there were no available funds for 
fire control projects.” 

The lack of funds was a particular handicap because the Sperry 
Gyroscope Company of New York had a fire control experimental project 
ready to push into the actual construction stage. In August 1936 @ 
special committee, appointed to study the Sperry proposal for a twin 
37-mm. cannon fire contro] system for use in the as yet undeveloped 
Bell Aircraft Company fighter (XFM-1), reported: ‘“Accarding to the 
present state of development of the art, it appears that an exact 
theoretical solution of fire control with a free gun and a free target 
4s improbable." The committee noted, among others, the following Limita- 
tions in the Sperry proposal: the mounts and gear drives were drawings 


only and not yet perfected in detail; the system presupposed an accurate 


& Chief, Arm, Lab. to Capt. C. S. Irvine, 2 Nov. 1939, in Arm. Labe 
file, Misc, Fire Control 1940. See also Memo Rpt., EES, 10 Octe 
1940, in Arm, Lab. file, E.O. 554~2-96; and Gz, Tali~gun Manual, 
i9 Nov. 1939. 

9. Chief, MD to C/AC, 21 July 1936, in Arn. Lab. file, BO. 554-1679 
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external range finder to apply 4 range rate imput; the technical problems 
of synchronizing the hydraulic valves to coordinate the movement of two 
remote guns were nob perfected in detail; and, moreover, "there is some 
doubt as to the advisability of installing flexible forward guns in a 
300 mph airplane! of the KFM-1 fighter type. 

The Materiel Division objected strenuously to the committee's con- 
servative report, pointing out that the very purpose of purchasing such 
an installation as that considered in the Sperry proposal was to seek 
experience in an unexplored field through experimental expenditure, 
General Arnold supported the Hateriel Division; and after accumulating 
11 indorsements, the project was approved by the Secretary of War for 
procurement during the 1937 fiscal period, at an estimated cost of 
393,000.49 

The Sperry fire control project for the XFH-1 consisted of a comput=- 
ing unit and a telescopic sight arranged to jay twin 37-mm, cannon by 
means of a joy~stick-controlled hydraulic drive actuated by Vickers 
units. The system was unique in that the sight followed the guns instead 
of the reverse, which was conventional in gun control systems. The real 
importance of the Sperry project, however, lay not in any unique me- 
chanical feature but rather in the experience that Sperry was acquiring 
in the field of fire control. The XFM-1 computer unit contained ball 
carriage speed controls, adding and subtracting differentials, and 
precigion~cut, three=dimensional ballistic cams. All of these elements 


were to contribute to the success of the later K-series sights in the 


10. Meno, Lt. Col. H. S, Burwell, Chairman of Special Committee on . 
Sperry Central Fire Control for XFM=<l to C/AC, 1 Aug, 1936, in 
Arm. Lab. file, E.0. 554-1=79e 


“SET RIB Tey 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


aOR my jie yi ey 
AAFUS-54 AE 87 


coming war and to establish the soundness of the Materiel Division's 
insistence upon the educational value of experimental contracts. 

The iaporbance of carefully planned coordination between Air Corps 
and Crdnance Department research vrograms was never more apparent than 
in the case of the Sperry project, which depended entirely upon Ordnance 
for the basic ballistic information which went into the Sperry computer 
cams. Withovt realistic ballistic information, the best drive system 
in the world was of little value. Both the Sperry and Douglas 37mm. 
projects were seriously impaired by the fact that as late asl937 Ordnance 
had but inadequate ballistic data on 37-mn, cannon fire, 

In January 1939 ixicht Field revresentatives studying provress of 
the AFii-l project at the factory indicated the trend in Materiel Division 
thinking by asking whether Sperry or any of the Sperry subsidiaries had 
Navailable or under consideration" drive units, smaller and simpler than 
the XFN-l unit, for use in connection with machine-gun turrets. The 
XFV-L fire control mechanism became an important link in the chain of 
Sperry developments, despite the fact that the XFM-~L itself was destined 
to be short~Lived, > The frankly experimental nature of the Sperry 
project became evident in.June 1938 when a conference of Bell, Sperry, 
and Wright Field representatives surveyed the entire power-drive problem 
and considered the possibility of converting the project to an all~ 
electric system "in line with the general trend toward the use of electric 
systems throughout the airplane,” Sperry considered the all-electric 


system to be a second phase in the evolution of fire control equipment. 


il. Memo Kpt., EES, 26 Jan. 1938, in ibid, 
12. Sperry to UD (iE), 23 June 1938, in Arm. Lab. file, Fire Control 
Conbract. 
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The original XFH-1 computer was based upon the assumption that the 
relative positions of the target and attacker would change but little, 
and the computer was capable of but small angular rates of prediction. 
With the change from hydraulic to electric, Sperry hoped to achieve 
angular rates of 3° per second, This prediction rate was established 
as a goal, in Sperryts terms, as "the minim that should be attempted 
if we are to keep pace with the rapid development that must take place 
in the art Actually the goal was raised to 6° per second in the 
specifications accompanying the Air Corps contract signed 9 December 
1938 for 13 Sperry fire controls at ¢27,400, after the experimental 
model had been tested in a pels. 

The fact that the XFM-1 limped along to a limited and tardy produc= 
tion undoubtedly influenced unfavorably the development of the Sperry 
fire control apparatus, iA test of the equipment in a YFM~1 at Bell's 
Buffalo plant elicited only a guarded official opinion of "satisfactory 
for the purpose intended"; for at that time there was no way of evaluating 
the importance of the educational contracts in strengthening the Sperry 
organization. 

The XFL fire control project lingered on at Wright Field long 
after it had outgrowm its usefulness, although as late as 1942 some 
consideration was given to converting the project for use as a cannon 


installation in the 2-24 tail,?° Nevertheless, the project was of 


13. Sperry to MD (WF), 17 Oct. 1938, in ibid. 

14. Phone transcript, Frederick Vose, Sperry and Lit. P. E. Shanahan, 
WE, 7 Nov. 1938; Chief, ES to Sperry, 1 Sep. 1936; and Contract 
AG 11745, 9 Dec. 1938, in ibid. 

15. Meno Rpt., EES, 5 April 1940, in Arm. Lab. file, E.0. 55h4-1~106. 

16. Memo Kpt., HES, 28 Feb. 1942, in Am, Lab, file, Fire Control 
Gontract, See also Chief, Arm. Lab, to Chief, EES, 7 June 1940, 
in Arm. Lab. file, E.G, 554-1-129. 
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primary importance in adding to the working procedure and engineering 
experience accumulated by Wright Field and Sperry. 

An interesting sidelight to the Sperry project appeared when the 
Materiel Divisicn was informed that "the Navy states that they scent 
$9,000.00 with Sperry" for fire control apparatus and received"abso- 
iutely nothing for it," a condition which led to a Navy recommendation 
not to contact Sperry on the matter. Exactly six days later, the 
Chief of the Navy's Bureau of Ordnance requested detailed information 
from the Materiel Division on the Sperry project; and, when this 
information was not dispatched immediately, the Navy brought pressure 
to bear through the Chief of the Air Corps to secure the report desired, 
The Materiel Division had to fight not only to raise funds for experi- 


mental work but to maintain entrée with manufacturing sources as well, 1? 


In January 1939 the Materiel Division had acquired sufficient 
experience in the field of power-driven gun turrets to prepare a 
circular letter for several manufacturers who had displayed an interest 
in the subject. The letter contained woriting drawings of the B-18 and 
the .30-cal, machine gun, a copy of the armament section of the Hand- 


book of Instructions for Airplane Degigners, and the reports containing 


1 
all available data from wind tunnel tests of machine-gun drag. 7 
The problem of creating fire control apparatus presented enormous 


difficulties. To pegin with, the whole field was relatively unexplored, 


17. Fhone transcript, Capt. Moore, AF Arn. Lab. and Maj. Whitehead, 
OcAG, 5 Aug. 1938, in Arm, Lab. file, E.0. 554-1+79. 

18. Memo, Chief, Javy BuOrd to C/AC, 11 Aug. 1937, and related 
correspondence, in 4rm,. Lab. file, E.0, 554-1+79, 

19. MD (FF) to Bendix, Maxson, and Sperry, 20 Jan, 1939, in Arm, Lab. 
file, Misc, Fire Control 1940, 
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The progress achieved to date consisted of the independent projects of 
several different manufacturers working separately along parallel lines. 
Koreover, the very nature of the problem required the utmost in engineer~ 
ing liaison and coordination. Fire control involved sights, turrets, 

and aircraft. Sights required ballistic data which were the responsibility 
of Ordnance. Sights required optical components demanding the best of 
liaison between the computer producer and the optical manufacturer. The 
turret producer had to correlate with the sight builder, and both had to 
coordinate with the aircraft designer end manufacturer, 

At Wright Field it became apparent that no rapid solution of the 
fire control project would ever be possible so long as manufacturers 
continued to attack the problem individually. Without actually enunciating 
a formal policy, the Armament Laboratory by 1939 began to pursue a program 
of cooperative enterprise utilizing the best products of several staffs 
of industrial engineers. The branch was finally fulfilling its wartime 
roLe of moniter and engineering liaison center for the developmental 
projects of the manufacturers. The success of this policy is attested 
by the report of an Armament Laboratory engineer returning from a survey 
of such cooperative fire control projects of a number of manufacturers: ~° 

Things never looked so good. We are slowly getting the right 

connections, and the farm principle we initiated for ideas and 

real talent is producing wonderful resulis. When all things 

are finally sifted down, we shall be well in advance of what 

any single organization could develop regerdiess of time. 

By the end of 1939 six manufacturers were actively engaged in power 


turret projects, but before considering these individual companies in 


20. M. E. Goll, Arm. Lab. to WW. G. MacNeill, Arm, Lab,, 18 March 1939, 
in ibid. 
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detail, two other factors affecting turret production in the United 

States shouid be studied: first, aircraft delivery schedules, and second, 

the influence of foreign turret developments. A tabular representation 

of aircraft production schedules anticipated for parts of 1940-1941 is 

sufficient to provide a background of information about delivery schedules 
Td) against which to judge the degree of urgency motivating turret production. 

Date B-17C B-1L7D XB-24, B-24 B-24A Be23 B25 B-26 1~20B 


1940 
April 1 8 
May 1 12 . 
June 3 ik 1 
July 2 3 2 
® Aug. i 1 5 
Sep. 2 1 2 1 6 
Octs 2 2 6 7 
Nove 2 2 q1 8 
Dec. 2 2 20 2 9 
194 
Jane 3 2h 7 4g 
Febs 4 2h 10 3 
@ March 5 1 ak 19 66 
April 5 7 5 ah 21 102 
May 5 9 5 ak, 2. 104 
June 5 7 6 2h 21 98 
® July 7 28 
Auge 7 78 85 
21. Memo Ept., > 17 iay, Bek aatirn acts oe TER 
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Le, 

As to foreign developments, early in 1940 General Arnold directed 
thet a search be made of all the Information Division's intelligence 
reports for information conceming British power turrets for use by 
the Materiel Division, The search revealed that Frazer-Nash turrets 
manufactured by Farnall Aircraft, Ltd., were installed in the Hawker 

@ Demon, the Handley-Page Harrow, the Armstrong-iihitworth whitley, and 
the Short Sunderiand.”* In addition, anyone who chanced to read the 
popular British aviation magazine Flight in October 1936 would have 
known that Boulton-Paul turrets were also being instalied on the 
Blackburn Roc and Blackburn Skua as well as on the Boulton-Paul Defiant. 

The RAF was "secretly perfecting't machine-gun and cannon turrets 
in addition to computing sights, according to intelligence reports from 

@ Britain. As early as duly 1939 the Air Ministry requestedthe Admiralty 
esearch Laboratory to undertake a control project for "guns heavier 
than .303 mounted in turrets,® and by the spring of 1940 the original 
"straight and level flight" assumptions were being questioned in favor 
of gyroscopically stabilized sights”? 

The full impact of British turret develonment, however, did not 
strike the Materiel Division until July 1940 when two officers, long 


associated with the work of the Armament Branch, submitted a report 


22. H2R, ED Glesh.) to MD (LF), 8 Marchl9a0, in Arm. Lab. file, Mise. 
Secret Correspondence Folder 2, 1940, 

23. Development of Hemote Control Mircraft Machine Gun and Cannon 
Turrets, by U. S- Military Attaché for Air, England, Rpt. 40982, 
18 March 1940, in WP Libs, 072.11/93; and "Minutes of the Seventh 
Meeting of the Gun Sub-Committee Held at the Air Ministry, 7 May 
1940," by U, S. Military Attaché for Air, england, Rpt. 42277, 

[ in UF Lib., D70/158. 
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covering the British turret program in minute detail. The officers, 

Lt. Col, Grandison Gardner and Maj. F. 0. Carroll, sailed to Italy in 

March 1940 and traveled overland through France to England, where they 

discussed turret production with Air Ministry officials, HAF officers, 

and aircraft manufacturers, as well as turret manufacturers themselves. 

The two Air Corps observers reported the application of power turrets 

to bombardment aireraft as the "outstanding development of the British." 

Even more important, the observers noted, "The installation of these 

turrets on some of their bombers had caused such losses to the enemy 

attacking airplanes that the British now claim that attacks directly 

aft have been discontinued on these installations," forcing the Germans 

to make beam approaches with little success. Their report concluded, 

"It is imperative that our heavy and long range bombers be eouipped 

with at least four turrets," fore, aft, top, and bottom. Admittedly 

such armament would reduce bouber speed and performance, but British 

practice seemed to have proved the merit of subordinating every bom 

bardment airplane function to its defense, even at the cost of aerodynamic 

efficiency." 
Of the three largest turret manufacturers in the United Kingdom 

Bristol, Frazer-Nash, and Boulton-Paul--the latter two accounted for 

the greater part of the total production. The importance of all the 

models lay in their ease of tracking and the "positive control at very 


Low rates of movement" possible with hydraulic systems almost entirely 


24. “Report on Trip Abroad," by Lt. Col. Grandison Gardner and 
Maj. F. O. Carroll, 1 duly 1940, pe 4, in WF Lib., Doc/232, 


Samied es irae 


_ THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


AAPHS—54h “Rim me . ses ous eh there a 


free from overtravel, the objection which had induced the British to 
reject electric systems several years before the war. 

Frazer-Nash turrets, built by Parnall Aircraft, Ltd., reached an 
estimated production of 16 or 20 turrets per day in Mey 1940 if the 
output of subsidiary factories is included. This figure represented 
the total of four different types including a quadruple .303 nose and 
tail turret, a twin .303 nose and tail turretwith servo-fed ammunition 
belts running to magazine reels amidship where expenditure of cartridges 
would not affect the aircraft's balance adversely, and finally a twin 
~303 retractable lower turret called a "dust bin." 

Boulton-Paul Aireraft, Ltd., manufacturers of the Boulton-Paul 
turret, estimated a production of 65 turrets per day in May 1940, but 
the Air Corps observers did not find evidence to corroborate this claim. 
Boulten-Paul produced four types similar to the turrets found at Parnall 
except that the power drive consisted of a self-contained electro~ 
hydraulic unit rather than a simple hydraulic turret drawing presaure 
through a hydraulic gland from the ship's system. The Boulton-Paul 
system, employing a ladder electrical power lead, greatly reduced its 
vulnerability to enemy fire in contrast to the long, exposed hydraulic 
feed lines required by Frazer-tlash. Perhaps the most important differ-— 
ence between the two types of turret lay in the fact that the Frazer— 
Nash system required varied angular displacement of the control handles 
as the torque load varied, while the Boulton-Paul system compensated for 
torque, and equal control displacement gave equal angular movement under 


all conditions of loading. 
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“The British have shown the way and the method together with the 
results to be obtained in the installation of machine gun turrets," 
noted the Gardner-Garroll report, and no effort must be spared to 
apply this type of mechanism to our own advantage." The remaining 
question for the Air Corps, therefore, was whether to take over British 
turrets in their entirevy for manufacture in the United States or to 
produce independent designs for local production, The critical element 
of time favored the former course, but a greater number of factors 
weighed in the opposite balance. 

Despite the fact that Col. 3. A. Deeds, representing Pratt & 
Whitney, wes reported to be negotiating with the British for turret 
manufacturing rights, high British officials had suggested informally 
that the Air Ministry might be willing to trade turret designs in 
exchange for Americats Norden bombsight. Any such exchange would in- 
evitably involve a delay.76 Furthermore, the Gardner-Carroll report 
held that British turrets were heavy and cumbersome and ill-suited for 
use with Air Corps bombardment aireraft.~" 

American naval air officers who had an opportunity to operate 
British turrets in various aircraft (including the Manchester, Halifax, 
Stirling, Sunderland, vhitley, Wellington, Defiant, Beaufort, Botha, 
Anson, and Hudson) were of the opinion that turret development in 
England far surpassed the progress made in the United States and that 


Neyery effort should be made” to assist the British manufacturers to 


25 Toide a De Te 
26. Thide, De Shs 
27- Ibid., p. 2h. 
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establish facilities in the United States. The ouestion was not 
settled for many months, and as British production increased and manu- 
facturers in the United States devoted larger amounts of time and money 
to turret development projects, the Likelihood of manufacturing British 
turrets in the United States diminished proportionally. 

By the end of November 1940, Parnall, Ltd., and a combination of 
30 subsidiaries were employing 4,500 men in the parent plant and a 
total of 30,000 men directly and indirectly to achieve an output of 
600 turrets a month with an estimated goal of 1,000 turrets a month. 
An organization of this scale lent weight to three axiomatic contentions 
made by Boulton-Paul as well as Frazer-Nash: (1) turret production should 
be separate from aircraft production, that is, turrets should be treated 
as yovernment-furnished equipment; (2) each turret manufacturer should 
produce one type of turret, that is, hydraulic turret manufacturers 
should stay in the hydraulic field and electric turret manufacturers, 
in the electric field; and (3) turret manufacturers should not attempt 
to modify until production was rolling and modification could be carried 
out without detriment to production output.”? That this latter axiom 
was learned from bitter experience was inferred by the Assistant Secre- 
tary of Var in August 1940, ‘It has been reported that one of the 
factors contributing to the present desperate position of the British 


is the failure to freeze designs," he warned the Army procurement 


28. “Information on Frazer-Nash and Boulton-Paul Aircraft Machine 
Gun Turrets," by U, S, Naval Attaché, England, Rpt. 1569, 29 Nov. 
1940, in WF Lib., 072.11/102, 

e9. Ibid. 
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. 30 
services: 

The Technical Services are never satisfied with anything less 

than a perfection which is always unobtainable. The best is 

the enemy of the good, If we are to avoid the catastrophe of 

"too late and too little", there must be a decision as to pro= 

duction types. Germany has demonstrated that thousands of 

imperfect tanks on the battlefield are better than scores of 

perfect tanks on the testing ground, 

In the fall of 1940 the Materiel Division requested the British 
Air Commission to secure working drawings of the two major British 
turrets and physical samples as soon as shipment could be arranged,” 
Meanwhile, intelligence reports from Britain were reiterating that 
"more and more evidence is piling up that mechanical turrets are abso« 
lutely essential to the success of airplanes whose size permits their 

2 

installation.'" The French apparently believed in the necessity of 
power turrets, for attaché reports commented on a hydraulic turret 
designed by the Societe Duplication de Machines Motrices. ‘he Germans, 
however, gave no evidence of faith in the power turret doctrine, Flexi- 
ble gun installations examined on captured German aircraft lacked power 


drives and were considered "extremely crude!" by RAF observers,-> 


As to 
the United States, the chapter below discusses the progress made by six 
interested manufacturers through 1940, when contracts for quantity 


production began to appear. 


30. Memo, ASW to C/AC, 26 Aug. 1940, in CTI~96, 7 Sep. 1940, in Arn. 
Lab. CTI file, 

31. THX, EBS to E35, MD (Wash.), 7 Oct. 1940, in Arm. Lab. file, Machine 
Gun Mounts, 1940. 

32. MID, britain, Confidential Rpt. 336, in MID, United Kingdom, Rpt. 
41,368, 3 Sep, 1940. See also CTI-92, in ATS? 473.5, General. 

33. "French Airplane Armament and Armor Protection," by U. S. Naval 
Atbaché, France, Rpt. 49, 31 Jan, 1940, in WF Lib., D70/134; and 
Examination of gun mounts on He-lll airpleme, British rpt. for- 
warded by U. S. Military Attache, England, Rpt. 42514, June 1940, 
in WF Iib., D72,11/108 and 109, 
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Chapter VI 


PCiER TURRET DEVELOPLENT: FIRST INDUSTRIAL FHASE, 1939~1940 


The European war brought the Air Corps to a difficult decision. 
The United States had no air force, generally speaking, in 1939, so it 
became necessary to gamble on a "paper" air force--gamblie to the extent 
of projecting a@ series of new airplanes for development in the hope that 
they would reach production before the United States became involved in 
the war. This gamble applied as well to accessories and armament. In 
the hectic early days of the war in Europe, the Materiel Division sought 
to accelerate experinental work on fire control equipment by breaking 
the whole problem into separate covro rents, each to be 2 project within 
iuself, Tentatively, and as a point of departure, the major industrial 
concerns interested in turret deveLopnent were assigned specific air= 
Planes to arm. In this way it came about that Sperry designed equipment 
for the B-17, Bendix for the B-25, Martin for the B-26, and General 
Electric for the A-20. All these and several other projects were under 
wey simultaneously, but each manufacturer's turret development will be 


discussed individually. 


Sperry Gyroscope Company 


As far back as 1936 the Laterlel Division was acutely aware of the 
need fox fire control apparatus, As the caliber of aircraft guns in- 


creased, the number of rounds of potential fire per minute decreased, 


98 
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‘THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


“FIS—54 te Re Pe 


and this decrease made preater sighting accuracy mandatory, 1t was 
logical to invite Sperry representatives to attend a fire control pro- 
ject conference at right Field, for Sperry had elready accumulated 
considerable experience in designing naval and antiaircraft gun di- 
rectors,” The Sperry engineers who visited JJright Field discussed 
computers, power drives, and fire control systems with Armament Branch 
personnel and sketched tentative plans for future Sperry projects, but 
the original idea of fire control devices for euns of larger caliber 
was subverted by the fact that it had-proved necessary to base all 
considerations on .30-cal, ballistic tables, "inasmuch as no information 
had been available on trajectories of 20 and 37 mn ammunition," 

Out of the conversations held at “right Field came the XFM~l prow 
ject as an immedicte objective in 1936, delaying the .30-cal. fire 
control project until the Sperry proposal of March 1939, which covered 
a computing sight for use in connection with hand-held flexible .30-cal. 
machine guias. The proposal specified a reflex or collimator sight unit 
to mount above the machine gun spade grips, where it couid be fed azimuth 
and elevation rates by flexible shafts and data on relative lateral 
velocity, slant range, and indicated airspeed by manual input dials. 

At the same time that the sight proposal appeared, Sperry drew up 
tentative specifications for a “means for laying one or two indirectly 
controlled caliber .30 flexible machine guns from a central station," 


including flexible cables up to eight feet long for transmitting sighting 


1. Chief, ES to Sperry, 20 May 1936, in Arm. Lab. file, EO. 553-179. 
2. Memo Rpt., EES, 4 June 1935, in ibid. 


“HST ROTER - 
THIS PAGE Declassified IAW EO12958 © 


This Page Declassified IAW EO12958 


AAFHS=54, ai. oy met gp 100 


station rates to a power~operated gun mount by means of Maxson torque~ 
converters.” Something of the urgency and pressure of the times is 
apparent in the record of Sperry projects. Seven days after the Sperry 
proposals were prepared, an Armament Branch officer visiting the Sperry 
plant in New York telegraphed wright Field recommending that the divi- 
sion delay approval on the flexible punsight project since other projects 
looked more promising. Fire control, projects were slow in gathering 
monentum, but once under way the novel ideas came in fast, 

In June 1939 Sperry reported that its research engineers were 
preparing a comprehensive treatise attempting to outline every phase 
of the fire control problem. Sperry expected that an all-inclusive 
solution or system would cost about $150,000, and Sperry officials were 
anxious to sound out Wright Field on the possibility of a fire control 
system contract, However anxious the Armament Laboratory may have been 
to enter promising new Lines of development in 1939, it was necessary to 
wait for the next fiscal year's appropriation before any extensive 
expenditure could be undertaken, Nevertheless, an Authority for Purchase 
was prepared for a .30-cal. computing sight at $24,000, and an expendie 
ture of £8,000 was authorized for beginning work on a centralestation 
fire control system of .30—cal. machine guns.” 

The central-station fire control project (CFC) grew logically out 
of the original Sperry .30-cal, flexible pun sight, which had centered 


3. Sperry Specs. and Proposals, 10 March 1937, in Arm. Lab, file, 
E.0, 55h4~2-97. 

ke TX, Shanahan to Moore, 17 Larca 1939, in ibid. 

5. Phone transcript, Fred Vose, Sperry and M. 2. Goll, Arm, Lab., 
23 June 1939, in ibid. 
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attention on the whole fire power problem and indicated the necessity 

of a composite system of sight, computer, and remote-control power-driven 
gun mount. The negotiations with Sperry over the .30-cal. sight project 
ed the Materiel Division to conclude, "Consideration of fire control in 
its broader phases cannot be longer delayed." The very act of compiling 
adequate working drawings for Sperry engineers to use as & point of 
departure brought the problem of bombardment defense into focus, particu- 
larly when the Armament Laboratory felt it necessary to sound out tactical 
pursuit units for information to use in preparing studies on the modes of 
pursuit attack for Sperry's benefit.” 

The search for information on angles of attack delayed the fire 
control project somewhat but not nearly so much as the cumulative delays 
imposed by the restrictions of the secrecy agreements surrounding all 
projects of this nature. It was typical of this limitation that the 
Materiel] Division retained its dossier of information on aircraft designs, 
machine-gun dimensions and performance, and pursuit attack until a con- 
tract was actually negotiated with Sperry, when the material was forwarded 
for uses! The effects of this policy on the course of development raise a 
cuestion. Would the interests of the Materiel Division have been better 
gerved by the restrictions and limitations of secrecy, or by a policy of 
providing relieble manufacturers with every scrap of available informa- 
tion even before a contract of any sort was contemplated, to the end 


that the manufacturer's engineers could have become thoroughly versed 


6. Memo Rpt., ES, 18 April 1939, in Arm. Lab. file, Mise. Fire Control 
1940. 
7. Chief, HES to Sperry, 1 May 1939, in ibid. 
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® in the broader aspect of the problem in hand? Specifically, would it 


not have been far more productive if Sperry, G.E., Bendix, and westing— 


house, to name but a few, had been supplied with all the available 
information necessary to project a fire control system long before funds 
became available for such an enterprise? 

@ dnen at last the necessary information was made available, Sperry 
engineers prepared a treatise on the fire power problem, evaluating a 
wide range of factors including volume of fire, dispersion, encounter 
duration, weight limitations, size limitations, personnel requirements, 
ease of maintenance, reliability, and cost, This evaluation was materially 
improved because of Sperry's experience with the XFM-1 Bell fighter pro- 
Jette 

Yd] Sperry concluded that a fire control system should contain a minimun 
of two sighting stations and computers, each a combination of upper and 
lower periscopes with a 36° scamming cone, Stereoscopic and coincidence 
range-finder systens having proved unsatisfactory in experimental tests, 
Sperry favored a stadimeter range finder, After an extensive survey of 
& large number of drive units (electric, external hydraulic » and in~ 
vernal or self-contained hydraulic), Sperry selected the last as best 
suited for handling excessive torque loads in certain positions, wide 

) temperature and pressure variations dependent upon altitude changes, and 
difficulties incident to unbalanced torque Lloudings arising with one eun 


firings? 


8 Central Station Fire Control System, a treatise on defensive armament 
@ for bombardment type airplanes, prepared by the aircraft armament 
departmentof Sperry Gyroscope Co., 29 March 1940, in Arm. Lab. file, 
HG. 554m1-129, 
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Sperry proposed to build an experimental, remote, retractable 
turret mounting twin .50's and a computing sight for $116,325, or, in 
quantity, at $59,835 each.’ The plans called for constraction of the 
computer and drive-control combination, but the turrets themselves were 
considered to be "integral parts of the airplane structure and there- 

@ fore anpropriately part of the airplane manufacturer's contract"? 

The problen of dividing responsibility for the various components 
was no more confusing than the rapid changes in plan and design. Pro- 
posal followed proposal in rapid succession, and no system or program 
reached completion in its original form, Hardly had Sperry received an 
Authority for Purchase for two computers and three controls at 579,277 
when the Materiel Division requested a proposal on a complete central~ 

 ] station fire control] system. 

In order to cope with changing concepts, designs, and contract 
status, Sperry adopted a policy of planning ali component units for 
interchangeable use as nearly as possible. The proposed CFG system was 
to utilize the hydraulic controls perfected for the .30-cal. turret and 
the computing sight designed for hand-held gun use. Sperry wanted all 
units to be "salvageable," each unit sufficiently flexible to be adaptable 
to a combination of problems, *~ 

@ Throughout the early months of 1940 Sperry and the Materiel Division 


groped for a solution to the bombardment armament probleme. The hand-held 


9. Sperry to MD (WF), 23 March 1940, in Arm. Lab, file, B.0. 554-1-141. 
10. Sperry to XD (iF), 29 Marchl940, in Arm, Lab. file, 2.0. 554-1~129. 
ll. Sperry to sD (uF), 15 April 1940, in Arm. Lab. file, B.0. 554-1-123. 


@ 12. Phone trengenie oyphed Vose, Sperry and Chief, Arm. Lab., 30 April 
1940, in“ibid. Sree EES, 17 May 1940, in Arm. Lab. file, Misc. 


Fire Control 19/0. 
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® gunsight gave way to the turret system, but efforts to put a computing 
sight into 4 lecally controlled turret filled the turret with apparatus 


and left the gunner off center. Tnis led Sperry to visualize a sighting 
station remote from the gun turret with mechanical linkage by flexible 
shafts or electric Linkage by control circuits to orient the sight with 

r the guns. Whatever solution might win ultimate approval, Sperry was 
anxious to build the CrC system out of iocally controlled turret components 
and to creabe a standard design and a measure of insurance against complete 
frustration should any single installation prove unserviceable. 

In May 1940 the Boeine Aircraft Company cxpectied toe equip the B=L7S 
with a twin-.50 upper rctraetable turret ccupled to a remote sighting 
station containing a computer, and a similar lower remote using a Keuffel 

@ and Asser driftmeter noncompensating sight within the structure of the 
turret itself. ‘shen an Air Corps Board rejected the idea of using a 
modified driftmeter lower sight, Boeing warned the Materiel Division 
that delays involved in replacing the sight'will kill the whole turret 
program for ail B-L70 airplanes," Boeing was unwilling to plan on any 
basis of "mythical anticipated developments! 

The program of the moment was to arm the Bel17C with two waist hand= 
held .50's mounting computing sights, the upper remote, and the Lower 

@ with a modified driftmeter sight. Sperry was to provide the sight, com 
puters, flexible shafts, power units, end controls; Boeing was to build 
the turret dome or enclosure, the ring gear mounting, gun mounts, and 


gear trains. This division of responsibility, however, was considered 


13, Boeing to MD (WF), 17 May 1940; and TWX, Boeing to kD (IF), 7 June 
1940, in Arm, Lab. file, H.O. 554-1-129, 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


a a 


THIS PAGE Declassified IAW E012958 


This Page Declassified IAW EO12958 


"OH6T ‘wrlOoTqzeTd s,deutns Sutajosat a4 mMoTea 

SIOMBIp UOTYLUNUe PUue 'qTeq UCTYLUMUME oTagey ety 

. fyzomoueay SuTqn4 pepTem Oty SjoN *4edani. und 
OS’ *Teo utaq TeseT saeddn fasedg Tequeutwedxe ysaTy 


THIS PAGE Declassified IAW E012958 


This Page Declassified IAW EO12958 


AAFHS<5k. iS FRG Eby 105 
far from satisfactory. Boeing, as the aircraft manufacturer, preferred 
to be provided with ready=built turret units as "Government Furnished 
Cquipment" (orn) 4+ 

The initial delays encountered in settling upon a satisfactory 
bomber defense system and the delays encountered in dividing responsi- 
bility between Sperry and Boeing were but minor compared with the engineer~ 
ing difficulties and delays that appeared as the project neared completion, 
The Sperry system operated on 24 volts DO, while the Bel7C contained a 
l2=-volt DC system. Temporary power packs were necessary to test the 
apparatus, and a makeshift installation impaired the validity of the tests, 
More important, perhaps, were the inadequate facilities for realistic 
service testing. The Materiel Vivision tried to secure a Bx23 to replace 
the B-18 for tow-target testing of the installation against a speed 
Nappreaching that of the B-170,"9 It would be difficult to estimate 
just how seriously Sperry development was retarded by the discrepancy 
between the relative speeds of a Beil& or a B23 and a modern fighter 
attacking along a pursuit curves 

By July 1940 the plan for a complete fire control systen for the 
Bel? was abandoned in favor of a more immediate solution to the armament 
problem, sc that the threatened delays in armament development would not 
endanger B-17 producbion, At a conference of Armament Branch and Sperry 
representatives in July 1940, it was decided that Sperry would build a 
locally controlled upper turret mountinre twin .50's, each with 400 rounds 
of anmunition. The turret was to accomuddabe a compensating sight when 
14. Chief, PES toe Boeing, 23 May 1940; and Tk, 40 Res. Rep., Boeing 

to MD (WF), 18 June 1940, in ibid. 


15. TwX, Chief, SES (WF) to Chief, Arm. Sec. (Wash.), 5 Dec. 1940, in 
Am, Lab. file, E.0. 554-1-l)1. 
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one became available, This decision proved the utility of the Sperry 


"salvageable" principle, for the interim eouipment was fabricated almost 
entirely from components clanned for the other more complex systems, As 
to quantity production, the delivery schedule planned for the upper Local 


1 
turret was as follows: 


Month xear No. Turrets 
November 1941 L 
Deceniber 1941 LL 
January 1942 20 
February 1942 20 
March 1942 20 
April 1942 ne) 


The Armanent Sranch, meanwhile, had been conducting extensive tests 
@ to determine the best form of installation for turrets. Lower turrets, 
especially, presented a preblen,*since no satisfactory solution had as 
yet been offered to overcome the difficulties of sighting below the 
fuselage level. In Aupust 1940 a ‘iork Order was prepared "to cover all 
work in comection with the development of a retractable type flexible 
gun turret for installation in the floor of a bombardment type airplane," 
In September this was modified "to cover extension of the investigation 
to include consideration of a spherical, non-retractable turrets!" 
The spherical Lower or ball turret idea proved so satisfactory that 
t the Materiel Division sent rough drawings of the installation for Sperry 
to elaborate on, and authorized production of the ball turret for use on 


the B~L7E in lien of the originally contemplated lower remotes, /° 


& 16. Leno Rpts, PS, 9 July 19LO, in ATSS K7365, General. 
17. ‘ork Authorization Sheet, 13 Auge 1940, in Arm. Lab, file, 3.0, 
55 3~1~337s 


18, TK, MD GF) to Sperry, 20 Sep. 1940, in Arm. Lab. file, B.O. 
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hen the Materiel Division negotiated a contract in December 1940, 
Sperry turrets were finally approaching the production phase. This 
contract called for 540 upper local turrets ab 37,185 each (totaling 
$3,879,900) and 113 lower ranote turrets at 211,275 each (totaling 
1,274,075). The lower remotes were to equip B-17's until the 113th 

@ article, when it was expected that the newly conceived ball turret would 
be in production.” 

After it had been decided to supply turrets as GFE rather than as 
integral parts of the airplane, Sperry was forced to seek a manufacturer 
to perform the heavy casting and machine work which the Sperry facility 
was not prepared to handle. The contract for 540 upper turrets made 
this step most imperative, and Sperry selected the Steel Products 

®@ Engineering Company of Springfield, Ohio, as a suitable subcontractor. 
Ags to other subcontractors, in November 1940 the Materiel Division 
invited Sperry to display its experimental models at the proposed Air 
Corps aircraft equipment exhibit in Detroit, an exhibit to induce 
automobile manufacturers to undertake contracts for military aircraft 
components. Sperry declined, however, reporting that a Detroit sub~ 
contractor, the Brises Manufacturing Company, had been engaged to take 


over the actual assembly and heavy tocling work on the Sperry lower 


21 
@ turret, 


19. Contract W535 ac 16235, 27 Dec. 1940, and supplementary A for P, 
29 Jan. 1941, in ibid. 
20. TiX, 4D (uF) to Sperry, 21 June 1940, in Arm. Lab. file, £,0, 


Dokl 129 6 
5) 21. Phone transcript, Hr, Lee, Sperry and Maj. darly, KD (HF), 6 Nov. 
1940, in PES arm. Unit File, Sperry General to Dec. 1941, 
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The Sperry lower ball mounting twin cal. .50 machine 
guns. Installed in 4 B-17. 1941. 
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Sperry's difficulties in turret production were summarized by one 
company official as follows: "Instead of having about three years to 
get things ready, the whole thing has to be done simultaneously, that 
is, developing and getting into production at the same time. This is 
what has caused the delay." If upper turret production was two months 
behind B-17 deliveries and lower turrets were four or five months in 
arrears, the delay was understandable in view of the fact that produce 
tion degged the heels cf exnerimentation, but even so there could be 
no escaping the fact that aircraft delivered without armament would be 


useless in combat. 


Tucker Manufacturing Company 
In July 1939 the Chief of the Air Corps informed the Meteriel 
Division of an "ingenious electrically controlled gun turret" built 


by Preston Tucker of Ypsilanti, wich” 


Vright Field representatives 
visited the Tucker Manufacturing Company to inspect a 3/=mm. cannon 
mounted on an armored car. The Tucker turret proved to be slow-moving 
put offered some promise for possible conversion to aircraft use, 
especially with respect to an unusually favorable feature, a commtator 
which did not are under rapid reversals. Another novel feature in the 
Tucker drive motor was the use of glass-impregnated coils as burn-out 


deterrents. A lever-action, carbon=dise variable rheostat controlled 


the field current for speed varlations in the fixed-armature current 


22, Ibid. 
23. G/KG to Unief, uD, 13 July 1939, in AAG 473.5. 
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motor, Uespite the fact that the drive showed no tendency to hunt and 
produced an edequately high torque at low speeds, the low or minimal 
tracking speeds were definitely unsatisfactory." 

Tucker attended the turret conference held at ‘Wright Pield shortly 
after the outbreak of hostilities in September 1939 and proposed to 
build an electric power drive for incorporation within the existing B13 
manual turret. This twin-.30 turret was to achieve a £5° per second 
azimuth speed with a 1e-volt DO drive motor, tho whole to be equinped 
with « fire cut-out or interrupter, electric or dynamic brakes to prevent 
structural interference with the gun muzzles, and provision for emergency 
manual operation.” The Tucker proposal asked for 110,000 for dn experi~ 
mental model. “© 

Five months passed before work actually began on the installation. 
fn extended delay was encountered in securing a B-1é to send to Tucker, 
and the Armament Laboratory had to ask Selfridge Field for some solenoids 
when none could be found at Wright Field to satisfy Tucker's requests" 
The confusion of the war-born accelerabion of acbaivity and the critical 
lack of standard equipment items such as machine-gun solenoids at iright 
Field tended to impair the progress of turret development. 

Delays in negotiation may have been detrimental to Tucker, but 


almost from the very beginning a turret designed around the already 


obsolescent B~18 was doomed to failure, In December 1940 the Materiel 


2h, Hemo Rpt., EDS, 24 Aug. 1939, in Arm. Lab. file, B,0. 553-1303, 
25. Memo Rpt., HES, 25 Sep. 1939, in ibid. 

26. Tucker to LD (WF), 29 Sep. 1939, in ibid, 

27. TOM, EES to PHS, 30 Nov. 1939, in ibid, 
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Division concluded that the Tucker turret was "not representative of 
the assemblies contemplated for possible future procurement." 
Bven if the Tucker turret did not represent a production type, 
the probleus encountered in its evolution were valuable experience for 
the Armament Laboratory, where tests on the Tucker experimental model 
revealed the necessity of preparing specifications which would include 
nininua slewing speeds. British practice had revealed the necessity 
of such a step long before, but apparently each new designer had to 
learn the hard way. As a starting point, it was proposed to establish 
10 mils or something more than 1/2° per second as a satisfactory minimum, ”? 
The Armanent Branch considered Tucker as a possible source for 
turrets to arm the first 100 B-17 airplanes equipped only with hand-held 
machine guns. Although no contract was signed, Tucker prepared to build 
a model turret improving on the original experimental installation sold 
to the Materiel Division. The modified turret carried twin .50's in 
place of the .30's of the original version and added a hydraulic power 
drive to secure smooth, low-speed tracking characteristics.” 
The Armament Laboratory prepared an Authority for Purchase to 


procure @ laboratory test model of the revised turret. 


The design, 
however, proved sufficiently unsatisfactory to warrant its rejection, 
and the Chief of the Air Corps informed the Ordnance Department, which 


had plant cognizance over the firm, that there was "no probably production 


28 THX, EES (WF) to Arm. Sec, (Washe), 4 Dec. 1940, in ibid. 

29. Memo, Capt. P. E. Shanahan to Lt. Col. Grandigon Gardner, 28 June 
1940, in Arm. Lab, file, E.0. 554-1-130. 

30. Memo Rpt., ES, 1 Aug. 1940, in Arm. Lab. file, Tucker Aircraft 
Corpe Caliber~.50 Gun Turret. 

32. A for P 175577, 3 Dec. 1940, in Arm Lab. file, Machine Gun Mounts 
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requirement" for the Tucker turret capacity which could be utilized for 
armored=car and surface-craft turret construction.” As a producer, 
Tucker's capacity was not entirely inconsiderable, The manufacturer 
claimed to represent not only his ow facility but three others as well; 
Graham Paige Motors, the Excel Foundry and Machine Company, and the 
Crocker~iiheeler Electric Manufacturing Company, all at Detroit.” 
The fate of Tucker's project pointedly demonstrated the inadvis- 
ability of turret development without adequate financial resources, 
To perfect a turret and carry it successfully through the experimental 
stage to the threshold of production required either a governnent- 
financed experimental contract or a corporate organization of sufficient 
scale to absorb the unproductive immediate costs of the period of research 
and experimentation. From that point on, if adequate information was 
available in the form of combat experience, the evolution of a power 
turret would become little more than a matter of applying sufficient 
engineering ability to specific technical problems. 


Bandix Aviation Corporation 
When the Armament Laboratory began casting about in the winter of 
1939 to find manufacturers interested in fire control apparatus, the 
Bendix Aviation Corporation in South Bend seemed to offer ideal facilities 
for the project, in view of the corporation's interest in aircraft ac@= 
cessories, This facility, however, was temporarily denied as a potential 
source by a directive from the Chief of the Air Gorps, who stated that 


32. C/AC to Chief, Ord, Dept., 6 Dec. 1940, in AAG 473.5. 
33. Tucker to MD (Wash.), 3 June 1941, in ibid. 
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'Panding completion of negotiations between the Bureau of Ordnance, Navy 
Department, and the Bendix Corporation concerning this development, it 
is desired that no further contacts be made with that Corporation with 
reference to this project "+ Apparently no cooperation between Air 
Gorps and Navy personnel was anticipated from the very beginning, 

In spite of this injunction, a Bendix engineer, J. H. tiuhite, 
attended the tiright Field turret conference in September 1940 and, in . 
conpany with Armament Branch personnel, made a flight in a Belé which 
was "attacked" by a pursuit plane simulating combat approaches, in 
order to help thite become "thoroughly familiar with the problem and 
have a comprehensive lmowledge of the solutions desired." The idea 
was undoubtediy an excellent one, well worth frequent repetition with 
other manufacturers! engineers; but just how anyone could become 
‘thoroughly familiar" with the problem of bombardment defense in a 
Single flight is rather difficult to understand, / Yintite! s visit to 
Wright Field was not without result. 

Late in September 1940 Bendix began preparing studies on various 
solutions to the turret problem, uppers as well as lowers. On the basis 
of available B~18 turret drawings, Bendix undertook to design a hydraulic 
turret with 4 gear pump drive unit constructed with a mesh sufficiently 
fine to avoid ali line pulsations.>” In an attempt to visualize a spherical. 
lower turret, Bendix prepared a photographic report of the problems in- 


volved in fitting men of varying weights and sizes into spheres of 


34. Chief, MD (WF) to G/AC, 31 March 1939, and 1st ind,, 17 April 1939, 
in Aru. Lab. file, Misc. Fire Control file 1940. 
35. Memo Rpt., ES, 20 Sep. 1939, in Arm, Lab. file, E.O. 553«1=119, 


ota ies 
enn Soe nT ae | a imi * 
a oMY b rant lng! 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


AAFHS~54 wee alae 113 
bok 


Foie 


different diameters, but the canplications encountered led finally to a 
decision favoring a periscopic sight solution.?° This remotely controlled 
lower turret was to contain twin .30's in a truncated cylindrical pro- 
jection or a hemispherical under-dome, manually retracted, In October 
1939 Bendix plans called for a turret capable of 360° azinuth rotation 
and 4 possible plus 10° to minus 90° eLevation arc, The gunner was to 

be within the aircraft fuselage in a "stationary trough upholstered for 
reasonable confort." Ali the details of the hydraulic drive had not 

been worked out, but Bendix expected to achieve azimuth rates ranging 
from 1/4° per second te 45° per second.” 

Two months after the hydraulic version was discussed, Bendix sub- 
mitted a formal proposal to the Materiel Division offering an all- 
electric turret drive for application with both an upper and lower turret. 
The upper, mounting twin .50's, was to operate through a speed range of 
3° to 60° per second on a one horsepower motor, Variable speed adjustment 
was based on DC pulsating control field current derived from positioning 
a wobble-stick control handle which determined the speed of pulsation by 
moving 4 brush across an eccentrically segmented commtator running at a 
constant speed. The proposed specifications apparently neglected the 
all-important consideration of minimum tracking rates and gave no indica~ 
tion of anticipating any difficulties with excessive arcing at the 
pulsator control, The lower was to utilize a system similar to that of 
the proposed upper, mounting twin .30's instead of .50's. 


36. Bendix to Lt. Donicht, WF, 22 Sep. 1939, in ibid. 
37. Memo ipt., EES, 31 Oct. 1939, in ibid. See also Change Order No. 1, 
9 Oct, 1940. , 
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The Bendix proposal offered an experimental upper turret complete 
with a compensating sight for (330,075, an experimental lower turret with @ 
coupensating sight for $31,675, a compensating sight alone for $19,050, 
or a combination of all three for $75,645, to be delivered within nine 
to 12 months. These figures represented the outcome of a six-month 
experimental period during which two groups of Bendix engineers, one in 
New York and another in South Bend, sought a suitable turret drive. The 
New York group worked in electric drives, the South Bend group, with 
considerably less success, in hydraulic drives.” 

The two Bendix research groups set ont to develop a power turret 
using the Navy specifications of May 1939 as a point of departure. Tn 
a treatise prepared on hydraulic turrets, the South Bend group established 
gome basic assumptions: the ultimate objective was to increase fire power; 
this could be done by more or heavier guns; improved turret design to give 
more power with less weight and drag; or improved sighting and turret @ 
design, specifically by building a continuous rotation turret capable of 
training without effort and sce constructed that the gunner would remain 
always in a fixed relation to the guns and gunsight, 

By attacking the project with a definition of principles, Bendix 
seened to indicate a correct approach to a most difficult engineering 
problem, but the proposals following this initial expression of policy 
apparently bogged down because of failure to secure an adequate "apprecia= 
tion of situation." Both Bendix research groups demonstrated a palpable 
lack of familiarity with airplanes in general and aircraft armament in 


particular. 


38, Bendix to MD (WF), 19 Dec. 1939, in Arm. Lab. file, (Oversize) 
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in drawing up tentative turret designs around the B-18 turret, 
Bendix engineers visualized a gunner sitting behind a gun rather than @ 


between twin guns, and on this premise declared it structurally in- 
possible to swing the gumner in a fixed relation to his guns through an 
adequate field of fire. Similarly, in exploring the utility of a 
standard follow-up valve, such as the hydraulic valve manufactured by 
the Clark Equipment Company for steering gear booster installations 
requiring torques up to 6,000 pounds, the Bendix engineers seemed unable 
to visualize the application of a follow-up control valve to continuous 
rotation turrets. The pursuit of position control apparently blinded 
Bendix to the possibilities of speed control, Nothing indicates more 
pointedly how important the Armament Branch policy of farming out ideas 
had become. Working independently, industrial engineers were delayed 
by specific problems which had been solved elsewhere, Adequate coordina- 
tion from Wright Field made it possible to select the best ideas from each e 
manufacturer and add to them a wide range of practical experimecee with 
bombardment aireraft.? 9 

When Bendix finally decided upon an electric turret drive, the 
Materiel Division prepared a contract for an experimental Lower turret 
at $45,600. The vague and generalized nature of the specifications 
accompanying this contract indicated the relatively undeveloped status 
of the project, The lower turret was to drive twin .50's electrically, 
360° in azimuth and 100° in elevation through a speed range of 3° to 60° 


per second, The circuit was to be provided with a fire cut-out device, 


39 Bendix Proposal, 19 Dec. 1939, in ibid. 
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dynamic-brake structural interrupters, and limit stops. The plan called 
for two novel features, a hydraulic gun charger and a periscopic sight r 
with a 20° cone of vision. The whole turret was to be retractable and 
so designed ag to be suitable for installation in the 3-17, 
The Jower periscopic sight was novel, but from its very inception 
© not all Bendix designers were convinced of its utility for combat use. 
While one Bendix research worker questioned its use, another supported 
it, claiming that the image on ground glass enabled a gunner to find a 
plane more easily than with the naked eye despite the reduction in size, 
The theory supporting this claim maintained that the area of acuity of 
the average retina is fairly narrow, Objects with little relative motion 
outside this area are hard to see, If the whole area is reduced, the 
effective area of acute vision is increased. The theory was perhaps 
sound enough for limited-area scanning, but quite obvisusly the Bendix 
engineers were unfamiliar with the problens of 360° hemispheric search ® 
and the speed ef modern combat attacka, 
Although the Bendix lower turret was still in the carliest stages 
of fabrication in the spring of 1940, the need for such a turret had 
become acute, Douglas queried Bendix on the possibilities of a lower 
turret for use in the B-23, while the lower turret requirement for the 
© B-25 had become absolutely mandatorye*” In the B~25, weight and balance 


40. Contract W535 ac 1j144, 14 May 1940, in Arm. Lab. file, EO. 
553-1-119. 

Al. Bendix to MD (WF), 17 dune 1940, in ibid. 

42. TW, AC Res. Rep., Douglas to MD (NF) al March 1940, in ibid. 


THIS PAGE Declassified IAW E012958 


This Page Declassified IAW EQ12958 


» AAFHS-54 SPS th Wher 117 


considerations were of such critical importance that upper and lower 
turrets were necessary to eliminate the tail gun installation entirely,"? © 
The pressing demand for a lower turret led the Armament Laboratory 
to recommend that the GFE Branch of the Materiel Division open negotia~ 
tions with Bendix to prepare the way for lower turrets in production 
© quantities to fulfil the turret requirements for medium and heavy 


bombardment. airplanes. 


Somewhat earlier the Ordnance officer at Wright 
Field had suggested that production would be best served if each type of 
turret could be designed for a specific plane model, but the demand for 
turrets ran ahead of design perfection and the turret primarily developed 
for the B25 was of necessity considered for the Bel? and the Be2). The 
Ordnance officer also suggested a system of design control, routing all 
drawings and design problems through Wright Field to insure production 
Nexactly as desired” by the Armament Branch.’ An organization accustomed 
to processing a peacetime budget of a few thousand dollars abruptly found @ 
jtself concerned with contracts involving millions, and the techniques of 
monitoring engineering developments and establishing effective design 
controls had to be perfected even as the contracts were in effect and 
being fulfilled, 

By September 1940 the Bendix lower turret was undergoing firing 
ry tests at the Aberdeen Proving Grounds, and a month later aerial tests, 


conducted in a B=l7B, revealed the basic difficulties which were to hound 


43. North American to LD (WF), 15 March 1940, in Arm, Lab. file, North 
American B-25 Contract ac 13258, 

Abe. IOM, Chief, Ama. Br. to Chief, GFE Br., 15 July 1940, in ATSC 473.5, 
General. 

45. IOM, Chief, Ord. Dept. to Chief, Arm. Bre, WF, in Arm. Lab, file, 
E04 553=1—119, @ 
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Bendix electrically driven lower turret mounting 
twin cal, .50 machine pune, This photesraph 
shows the gunner's chest rest and the eyepiece of 


the periscope sight mounted on top of the main 
retraction screw. 1941. 
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the turret throughout its production career: an unsatisfactory cone of 
vision, inadequate scanning, a sight head rendered ineffective a few 
minutes after take-off by oi] smudge, and an unsatisfactory ammunition 


feed system.“ 


Glenn L, Martin Company 

The Glenn L, Martin Company, in its specifications for a new medium 
bomber, the Be26, originally called for a total armament installation of 
four flexible .30ts. The drawings of July 1939 called for a single nose 
and tail. gun, a floor gun, and an upper single .30 mounted in a "rotating 
enclosure," all hand-held, 

The Martin upper turret as originally conceived called for hydraulic 
retraction mechanism for a gun swinging free through an 8° cone of fires 
Movement in excess of 8° closed electric circuits bo rotate the turret 
in azimuth. Hlevation movement was to be entirely manual. The enclosure 
dome was designed to be quickly detachable for emergency exit. 

The agimuth power rotation system was not unlike the Armstrong- 
Whitworth and Boulten-Paul patents perfected a number of years earlier in 
England, but the limitations of the day regarding the concept of canbat 


realities were inherent in the stipulations requiring "rapidity and ease 


of movement for a single gunner changing from one gun position to another.”” 


The earliest turret version visualized a frictio drive, but at Wright 


Field it was felt that a positive gear train drive would be superior. 


46, Memo Rpt., HES, 15 Nove 1940, in ibid, 

47. Martin Spec, Model 179, L July 1939, in Arm. Lab. Spec, file. 

48, Memo Rpt., ES, 12 Aug. 1939, in Arm, Br. file, Airplane Evaluation 
Folder 1, C.P. 39-800, 38-385, Airplanes A-17 to B~-26, 
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A Martin Company report "to demonstrate the initiative of this 
company" and. Ito stimulate interest, and particularly, to establish « « « 
the most promising line of development for future business on the Be26 
type" revealed that firm's methad of attacking a problem. The whole 
question of the aircraft's armament was broken dow into sections or 
projects with one or two men assigned to concentrate on each specific 
task. One group made an "approach probability analysis," a study of the 
angles of attack, Other groups studied armor plate protection and remote 
control possibilities, while still another studied the weight and balance 
potentialities of the new airplane with particular regard for its influence 
on armament disposition.” 

This technique of delegating specific problems to specialized 
engineers working cooperatively brought immediate results, but in January 
1940 an Air Corps Mock-up Board inspected the B-26 and found the turret 
inadequate. The revised turret design, mounting twin .30's, remained 10 
or 22 inches above the fuselage level even when fully retracted, The 
board's recommendation to install a single .50 in lieu of twin .30's 
increased the retracted turret extension by two additional inches. This 
protuberance promised to reduce the airplane's performance, but Martin 
was unwidding to make armament alterations which were likely to make the 
aircraft fall below the contractor's guaranteed speed. The Materiel 
Divisicn apparently did not wish to permit Martin this escape from the 


guaranteed performance figure, 80 a compromise was decided upon to permit 


49. Inter-Dept. Communication, G. L. Martin, 22 Jan. 1940, in Arm. Labe 
file, Martin B-26 Airplane Contract ac 13243, 
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the company to pass the performance test with .30's installed and then 
to modify for 4501 3. 

It is impossible to determine just how much the guarantee controversy 
delayed the turret development project, but it is significant that it was 
not until June 1940 that Martin produced the prototype Be26 turret with 
full power operation in azimuth and elevation for twin-.50 machine guns, 
each equipped with 100-round magazines, This Martin turret utilized 
General Electric amplidyne controls, which were developments of the 
initial GE. B-1$ tail gun drive. The production prototype carried a 
heavy semicircular sheet of armor plate, a novel feature in aircraft 
armament at that time, but there were many elements of the installation 
still in a rudimentary stage of development, The gun apertures were not 
equipped with slot closures, and at Wright Field it was recommended that 
the total ammmition allowance be raised to 800 rounds, a 

Like all other turrets the Martin development was not the product 
of a single initial concept but the result of a gradual accretion of ideas, 
The importance of the Martin turret in contrast to other types lay in ite 
essentially simple designs; once through the initial experimental state, 
the turret proved sufficiently satisfactory to go directly into large» 
seale production. ‘The success of this turret was attested by the Armament 
Laboratoryts plan to construct it along such generalized specifications 
that it would be readily suited to application in airplanes other than 


the B-26. ae 


50. Memo, Capt. P. E, Shanahan to Maj. Grandison Gardner re visit to 
Martin, 19 Jan. 1940, in Arm. Lab, file, Machine Gun Mounts 1949, 

51. TK, Martin to MD (WF), 4 June 1940; Martin to MD (aF), 5 June 
1940; and IOM, EES to PES, 11 June 1940, in Arm. Lab. file, 
Martin B-26 Airplane Contract ac 13243. 

52. Memo Rpt., EES, 23 Sep. 1940, in ibid. 
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Firing tests conducted at Aberdeen revealed the usual number of 
minor discrepancies, but the test reports concluded that the Martin 
design marked "a distinctive advance in the development of electrical 
3 


power controlled turrets." The Chief of the Engineering Section at 
Wright Field warned of the British decision against electric systems, 
but the Martin turret demonstrated that the British had reckoned without 
amplidyne.“ 

The Martin G.E. amplidyne system provided speed control; that is, 
control handle displacement determined the rate of angular rotation of 
the turret. General Electric had another systen,the selsayn control 
unit, which provided position control; that is, positioning a control 
bar attached to a sight induced a remotely located turret to come to 
rest in a position comparable to and coincident with that of the control 
handle, The Materiel Division, lacking the test of combat upon which 
to reach a decision, requested Martin to construct a twin—.50 turret 
similar to the B-26 version in every respect save the control circuit, 
which was to be selsyn rather than amplidyne, Martin engineers constructed 
& selsyn turret by working 24 hours a day for five days.?? It proved less 
satisfactory, however, than the amplidyne speed control; and the Materiel 
Division negotiated a contract for 159 amplidyne upper turrets at $4,645 


each, or a total of $738,555.°° 


53. Memo Rpbes BS; 2l Dep 1940, in ibid, 

24. Buekslip, 25 Sep. 1940, signed F.0.C. [Frank 0. Carroll], in ibid. 

554 Martin to MD (HF), 15 Oct. 1940, and Martin to MD (WF), 10 Oct. 
1940, in Arm. Lab. file, B.0. 554-1-130. 

56. Contract W535 ac 15773, 14 Oct. 1940, in Arm. Lab. file, Machine 
Gun Mounts 1940. 
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Westinghouse Electric and Manufacturing Company 
Because of the previous experience of the Westinghouse Electric and 


Manufacturing Company in producing searchlight and machine controls, it 
was quite logical for the Armament Laboratory to invite representatives 
of that company to Wright Field in May 1939 to discuss the problems in- 
volved in fabricating a power turret. ‘iestinghouse had already undertaken 
a project in tank controls for the Ordnance Department, and it was felt 
that this experience could be profitably utilized in designing an aircraft 
turret.” 7 

The Westinghouse engineers inspected Bel7, Bel8, and Be21 armament 
installations and then set out to compile a turret proposal. Three months 
later Westinghouse submitted three tentative proposals, a DC motor system, 
an AQ motor system, and a hydraulic systen. The hydraulic version was 
given scant attention, since it involved too many long pressure lines; and 
the AC system was proposed only as an alternate to the DC systems” Wright 
Field opinion favored the DC system, and Westinghouse set out to develop 
it in detail. 

A formal Westinghouse proposal appeared in September 1939 offering 
a complex fire control apparatus aiming several guns from a single sight« 
ing station, The proposal, offering a single axperimental system for 
$76,200, was rejected by the Armament Branch becauselit contained "too 
much gadgetry," in particular, 16 separate motors which made the entire 


system excessively heavy and subject to a disproportionate power drains 


57. Memo Rpt., EES, 1 dune 1939, in Arm. Labs file, E.O. 55h-1m116, 
58. Memo Rpt., EES, 24 July 1939, in ibid, 
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When the Materiel Division asked for new proposals, Westinghouse 
submitted another system to control several .30-cal. guns from a single 
sighting station. This experimental unit, at $58,400, was rejected for 
substantLlally the same reason as the earlier version.” & succession 
of Westinghouse proposals met an aqual fate, and as late as October 1940 


none had been found satisfactory for procurement. 


General Electric Company 

When Wright Field called for turret proposals in September 1939, 
the General Electric Company at Schenectady was well prepared to make a 
substanblal contribution, The practical experience acquired in designing 
the BelS remote tail gun and the extensive nature of G.E. resources and 
engineering talent made it possible for this manufacturer to present an 
effectual turret design within a comparatively short time. 

The research engineers of G.E. prepared an analysis of the problem 
to define the objectives desired, This study contemplated a speed range 
of 3° to 9105° per second, a load range of 8.8 to 122 foot pounds, and 
& power requirement of 500 watts in a l2-volt system with a line current 
of 42 amps. While these figures were approximations, they represented 
specific goals where other manufacturers were still searching for relatively 
tentative specifications as a point of departure. 

The G.E. analysis recommended DC “power control," that is, field 


control rather than resistance control, because rheostat line control 


59. Westinghouse to MD (NF), 5 Oct. 1939s; and R&R No. 2, M. EB, Goll 
to FP, E. Shanahan, 6 Nov. 1939, in Arm. Lab. file, Misc. Fire 
Control 1940. 

60. Memo Rpt., EES, 15 Oct. 1940, in Arm, Lab, file, E.0, 554-1-116. 

61. Notes on conference at G,E. by Me BE. Goll, 15 Nov. 1940, in Arm, 
Lab. file, E.0, 552-966 
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imposed maximun power requireuents in the resistor for high torques at 
low speed. ‘the report further recommended speed control rather than 
position control. 

The amplidyne circuit was the G.E. contribution to "power control," 
It offered a number of advantages over rival systems, Unlike the Tucker 
drive, described earlier, it had no large capacity resistors and maintained 
a high operating efficiency for low speeds at high torque. Unlike the 
Bendix pulsating DG systen, amplidyne involved the use of no high current 
contacts with all the drawbacks contingent upon arcing. More important 
than all these advantages, the amplidyne potentiometer control gave 
sucoth tracking through continuously variable training speeds directly 
proportional to a rotary control handle deflection, and any given 
potentiometer deflection produced a constant speed value regardless of 
load variations. 6a 

The Materiel Division was anxious to utilize G.E. research and design 
facilities in seeking an answer to the fire contro] problem, but there 
were hurdles in the path of direct approach. However ready G.i. was to 
accept Air Corps projects, prior Navy obligations sbood in the way. ‘The 
Armament Laboratory was especially interested in securing details con 
cerning the gyroscoplcally stabilized lead computer under contract at 
GeHe for the Navy, and the Chief of the Air Corps was called upon to 


6 
arrange for permission to do so officially. 3 Negotiations lagged when 


62. Proposition ANG-33232, 5. R. Prentice, 21 Sep. 1939, Gly 
Schenectady, N.Y., in ibid, 

63. IOM, Chief, EES to Chief, MD (Wash.), 17 Oct. 1939, in Arm, Labe 
file, Misc. Fire Control 1940, 
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the Armament Laboratory complained of the "severe limitations" imposed 

on Air Corps fire control projects by the Navy. Again, it seemed, the 
Navy was frustrating Materiel Division procurement plans. The G.E,. case 
was bub one of several, When the Air Corps negotiated with Bendix't 
Pioneer Instrument Division, the Navy objected; and the matter was dropped. 
When the Air Corps negotiated with Bendix Eclipse, the Navy objected; and 
again the matter was dropped. Inter=service coordination was proving 
extremely hard to attains” 

If fire control equipment was delayed by inter-service competition 
for facilities, GH. did not linger in producing locally controlled 
turret drives, Before developing the controls and drives manufactured on 
subcontract to Martin, GeE. had contemplated an assisted motion flexible 
gan mount with potentiometer controls directly on the spade grips for 
possible application in the Be25, North American Aviation had planned 
the B-25 with a single flexible upper midship hand-held machine gun, but 
the Armament Laboratory recommended that the G.E, development be "con= 
sidered carefully, provided the Mock-up Board feels that either the 
hydraulic or electric systen mist be definitely decided upon at once,* 
an expression of opinion which would seem to indicate that the final 
decision in fire power policy rested ultimately with the Mock-up Boards 

However, even if the Mock-up Board had rejected turret armament, the 
Armament: Laboratory intended to press the project by purchasing an 
amplidyne system for experimental installation in a Belé upper turret. 


Considerable delay had been encountered in trying to reach a decision 


64h. Arm. Lab. to BES, 27 Oct. 1939, in ibid, 
aig nll ale 
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between hydraulic and electric systems, Both systems promised satis~ 
factory performance; but the balance seemed to favor the electric version 
since hydraulic operation raised extensive questions of servicing, per~ 
formance over wide temperature ranges, and reliability.°? 

Paralleling , the search for adequate turret design, there was an 
extended investigation of individual aircraft designs for armament 
modernization potentialities. Studies of the defensive characteristics 
of the A-20 indicated that an important increase in tail cone coverage 
might result if aft-firing guns could be installed in the engine nacelles. 
Early GE. developments in the B-18 tail gun made it plausible for the 
Armament Laboratory to direct Douglas to negotiate directly with G.E. in 
designing a nacelie installation. 66 

The Hughes Aircraft Company of Burbank, Calif., as well as Douglas 
and Martin, approached G.E, on the possibilities of a fire control system 


67 In the Schenectady plant, G.E. 


for bombardment aircraft as a whole, 
had an engineering organization assigned entirely to aircraft and naval 
fire control projects, The research staff was supported by a large design 
staff and almost unlimited machine-tool and other manufacturing facilities. 
This organization was admirably suited to the task of perfecting a fire 
control systen, but as long as the contract for B~26 turret controls and 


drives remained in the balance, GE. was unwilling to undertake any 


extended and costly experimental program. 


65. Capt. F, C. Wolfe to Maj, Grandison Gardner, & Nov. 1939, in ibid. 

66. Contract Sec,, SF to Douglas, 8 Jan. 1940, in Am, Lab, file, 
Douglas A-20 Contract ac 12967. 

6%. 58S to GEL, 5 Feb. 19403 Martin to MD (WF), 24 Jan. 19403; and MD 
(WF) to Hughes, 6 Feb. 1940, in Arm. Lab. file, E.O. 554-296. 
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One reason for the delay in executing the Martin turret contract lay 
in the fact that the price asked by Gef. seemed in the eyes of wright 
Field personnel to be “completely out of line." Whatever the extent of 
the delay, the point is significant because it suggests that G.Z, attempted 
te absorb development costs in a production contract and probably attempted 
to absorb them too fast, even to the point of endangering the successful 
execution of the contract. Apparently the only escape from such a situa- 
tion Jay in advance assurances to the manufacturer of sufficient production 
contracts to absorb development costs or in outright experimental contracts 
giving direct reimbursement for experimental developments. 

Whatever decision was reached regarding the GE. contract for Martin 
B-26 turret components, the Armament Branch at Wright Field was particularly 
anxious to have research work continue unabated at Schenectady, where the 
project engineers visualized a number of fire control systens, including 
tshallow turrets't for installation on the upper midship section of the 
Bel7, nacelle installations directing a pair of .50's over the “important 
rearward area where at least 80% of the attacks can be expected," and 
central-station fire control (CFC) systems, 

The GB. analysis of CFC conceived of two possible systems, One 
involved a completely synchronous control of ail guns--nacells, tail, and 
upper and lower turrets-~from a single sighting station with a computer 
unit. The other system involved a combination control plan in which one 
sighting station and computer would control all rearward-firing guns, 
the nacelle, and tail positions, woile another station and computer would 
control the upper and lower turrets. Neither of these two systems was 
simple, but G.E. favored the second plan, which called for only 10 amplidynes 
and 10 drive motors and afforded the increased reliability of two gunners 
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Wright Fieid and G.E. representatives met in Schenectady in February 
1940. The conference proved so successful in "clearing the fog and 
getting new ideas’ that the personnel involved favored frequent repeti- 
tion of the process, The proposals drawn up at the conference were 
referred to the Armament Laboratory by the \right Field representative, 
with this recommendation that a careful analysis of the G.E, proposals 
be made “so we can give them a decision in order that they will'not be 
too far amiss from the other competitors," 

Plans to install a CFG system in the A-20 ran afoul of weight and 
balance considerations, Originally GE. had visualized three installations 
similar to the remotely controlled B-18 tail gun for the A-20 nacelle-tail 
combination, but the critical weight and balance factor made it impossible 


69 An Authority for 


to utilize the existing equipment with .50-cal, gunse 
Purchase was prepared in March 1940 for a $50,000 three-gun rear-firing 
system, but the weight factor led Wright Field to consider transferring 
the whole fire control project to the B~26, © 

The difficulties encountered at Wright Field in obtaining an A-20 
for expeximental, installations undoubtedly encouraged this inclination 
to shift CFC to the Be26é, After reiterating the necessity, for reasons 
of economy, of pressing the experimental phase to completion before enter~ 
ing upon production, the Materiel Division warned that "If permission to 


use the A~204 airplane for this purpose is refused, it is possible that 


68. Notes on conference at G.2., by M. EB. Goll, Arm, Lab., 15 Nov. 1940, 
in ibid. 

69. ICOM, Chief, Arm. Lab. to Capt. C. S. Irvine, 1i March 1940, in Arm 
Lab. file, Misc. Fire Control 1940, 

70. A for P 156546, 15 March 1940, in Am. Lab, file, B.O. 55h4~1-123. 

7i. R&R, MD (ifash,) to Exec., wk, 20 March 1940, in Arm. Lab, file, 
Douglas A~20 Contract ac 12967. 
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the entire project pertaining to fire control . . . will be delayed for 

monthse' “> The Chief of the Air Corps agreed with the division's point 

of view and ordered a B+26 and an A-20 allocated to fire-control experi~ 
mantis.” 

While the weight and balance difficulties of the A-20 armament in~ 
stallation remained undecided, G.E. engaged Bausch & Lomb to undertake 
the development of a double-ended periscope with a single eyepiece sight 
dng arrangement “ingeniously suggested! by a Douglas engineer.” It was 
contemplated that this device would permit one gunner to serve in place 
of two and thereby effectively resolve the limitations hitherto imposed 
on armaments“ 

In March 1940 G.E. prepared specifications for a complete fire control 
system involving two computers and sighting stations with upper turret, 
lower turret, and tail gun positions so devised that it was possible for 
either station to take control of the tail gun drive. The lower station 
was periscopic, but the upper station was mounted in a direct sighting 
observation dome, 

The GaZ. installation followed the position control principle with 
a selsyn AC rectifier and an electron tube impulse-amplifier circuit 
operating in conjunction with an amplidyne arive, This proposal con~ 
templated a cost of $95,000, exclusive of optics, for a complete fire 
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TL. ROR, MD (Washe) to dxec., AF, 20 March 1940, in Arm. Lab, file, 
Douglas A-20 Contract ac 129674 

72. Ti-l88, 4 May 1940, in Arm, Lab. file, Technical Instructions. 

73. Chief, EES to Douglas, 26 Feb. 1940, in Arm, Lab. file, E.0. 
55hm1-123. 

Th. Douglas to kD (NF), 21 March 1940, in ibid. 

15, Gee Spec. GO-16282i, 28 March 1940, in Am. Lab. file, B.0. 
55h~1-1300 
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control system, to be delivered one year after the date of contract. © 
The Materiel Division did not favor this offer, and Gi, made another 
during the following month in which the whole system, less optica, was 
priced at $75,000. 

Neither Bausch & Lomb nor Keuffel & Esser were willing to quote 
prices on the optical units under development for the fire control system. 
Both companies were already overburdened with Ordnance and Navy contracts, 
and neither was anxious to embark on a Lengthy experimental progran 
coincident with peak-load production. In addition to these factors, the 
CFG optical system was still in the design state and defied accurate 
quotation, /? 

The imponderable element of optics both with regard to coat and 
design development undoubtedly delayed the evolution of the &.E. fire 
control system, but there were still other factors involved, A G.E, 
proposal for CrC sets, complete in production quantities, offered a single 
set ab $25,000 and 13 successive sets at $10,000 each, or: 

1 plane, $11,500 upper turret $13,500 lower turret 

10 planes, 4,300 upper turret 5,700 lower turret 

20 planes, 2,900 upper turret 3,100 Lower turret 

50 planes, 2,400 upper turret 2,600 Lower turret 
These prices were accompanied by a production schedule: 1 turret in 90 
days, 2 turrets in 120 days, 5 turrets per week in 16 weeks, and 10 
turrets per week in 20 weeks. This proposal included only the drive and 


control sets, however, not the ring gear,” 


Fhe G.EB. to MD (WE), 28 March 1940, in ibid, 

77+ GE. to MD (WF), 4 April 1940, in ibid. 

78. Notes on Gentral Station Fire Control, G.E., 20 April 1940, in 
ibid. 
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Unfortunately for the accuracy of the contemplated production and 
delivery schedule, the internal ring gear proved to be a most difficult 
tooling process and, as G.E. discovered in the following year, sufficiently 
critical to delay the entire course of turret development. The artificiality 
of production schedules not based on tooling realities was to impair planning 
by the Materiel Division for months to come, 

The increasing probability of extended delay in the development of 
Ge, fire control equipment led the Materiel Division to consider a series 
of interim measures, or a simplified fire control system, Both the B24 
and the B17 were without adequate armament in May 1940, and the division 
considered it wiser to plan local turrets in predictable quantities for 
imediate production than to put too mach faith in fire control systems of 
uncertain status. ¢? 

A General Electric proposal considered building an upper locai turret 
for the Bkel70 at; a cost of $55,000, less the cost of optical units, This 
turret resembled the Martin B-26 version in many respects, It mounted 
twin .50's and employed auplidyne speed control along with sprocket-type 
ammunition boosters and thumb-switch slewing speed control. In addition, 
however, the GE. design provided for manual retraction and a compensating 
sight. Characteristic of that stage of turret development, the design 
specified a 60°=per=second maximum azimuth rotation speed but failed to 


establish any minimum, °° 


79. Memo prepared by Capt. F. C. Wolfe, 24 May 1940, in Am. Lab, file, 
E.0. 55h4-1~123. See also phone transcript, Mr. Prentice, G.E. and 
Capt. P. E. Shanahan, #F, 25 June 1940, in Arm. Lab. file, 2.0, 
554~1-130. 

80. GE. to MD (WF), 4 April 1940, in Arm, Lab. file, B.O. 554-1~130; 
see also G.H. Spec., 2 April 1940. 
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The pressing urgency for some form of lower hemisphere fire power 
coverage for heavy bonbardment airplanes led G.E. to undertake several 
projects. A “shallow type bottom turret" designed for the B=23 was 
converted for use as a power turret with the application of an amplidyne 
azimuth drive system, but the limitations of such an installation were 
immediately apparent. Even with a “target indicator" attachment, the 
ficor gun proved inadequate and another project was initiatea.”? 

The improved G.E. proposal for a lower gun installation comprised 
a spherical turret with an amplidyne speed control system, the whole offered 
at a cost of $50,000. This turret, utilizing a simple N2-A reflex sight 
without any compensating features, was followed by a similar proposal for 
a lower turret to include amplidyne speed control in azimuth and selsyn 
position control in elevation.°” None of these G.E. spherical turrets 
came to maturity, partly because other manufacturers came forward with 
practical devices before the G.D. designs were much beyond the drawing 
board stage, and partly, in a11 probability, because the focus of G.E. 
interest fell upon the more complex fire control systems. In dune 1940 
the Nateriel Division negotiated a contract with G.E. to include one tail 
and nacelle gun fire control system for the A-20 at 350,000 and one 
combination upper and lower turret fire control system for the B-24C at 


$95,000.83 


81. A for P 167293, 17 Oct. 1940; and Sub Order of 23 May 1940, in Arm. 
Lab, file, E.O, 553-1~-309. 

82, GE. to MD (WF), 11 Och. 1940; G.E. to MD (WF), 14 Oct, 1940; and 
GE. Spec. & Proposal, § Nov. 1940, in Arm. Lab. file, H.O, 553-1354. 

83. Contract W535 ac 14666, 6 June 1940, in Arm. Lab, file, £.0. 
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The original specifications for the fire control system to be built 
into the,A=20 called for a machine gun in the tail as well as one in 
either nacelle. hen weight and balance considerations made the tail 
gan seem an impossible feature, the specification of July 1940 stipulated 
upper and lower turrets with a double-ended periscopic sight in conjunc~ 
tion with rear-firing nacelle guns. By the end of August these specifica- 
tions had been revised again to exclude the nacelle guns entirely. 

The A-20 fire control system consisted of a pair of twin .50's 
mounted in upper and lower turrets and controlled from a remote sighting 
station. ‘The drive system followed the general line of G.E. development, 
an amplidyne with selsyn controls and DO-AC inverter. The specifications 
contemplated an allowable mechanical or gear train backlash of 4-7 mils. 
The drive was to reach a 60° ~per-second azimuth speed and a 40°~per- 
second elevation speed, Moreover, the system was to be equipped with 
machanically operated spring limit stops rather than electric limit 
switches, but the sighting station was designed to de-energize the drive 
when it reached the limits of the predetermined zone of fire.@* 

Among the many novel devices incorporated in the A~20 turret was a 
continuous feed ammunition system. A fabric belt lifted shells to the 
machine guns; when the triggers closed the firing circuit, an additional 
Circuit energized a drive which wound the anpty belt on reels serving in 


85 


the capacity of a booster system, 


She THX, MD (WF) to G.E., 29 June 1940; GE. Specs., 15 July 1940 and 
21 Aug. 1940; and Change Order No. &, 2 Nov. 1940 on Contract ac 
12967, in ibid. 

85. Hemo Rpt. EES, 5 Sep. 1940, in Arm. Lab. file, E.0, 55hm lle. 
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® The G<E, contract raised some difficult issues. Delivery of the 
A=20 turret was conditional, so GE. considered, upon an early order 
for a production prototype, and the Materiel Division was unwilling to 
allocate funds earmarked for experimental. development to the design of 
a prototype. The Experimental Engineering Section wanted development ; 

r the Production Engineering Section wanted quantity; and G.E. wanted a 
production contract to absorb engineering costs. 

The question of funds, however, was of far less immediate importance 
than the issues raised in determining the dividing line of manufacturing 
responsibility. The Materiel Division favored charging the turret 
manufacturer with complete responsibility for all aspects of turret 

” production, “eliminating difficulties that will inevitably arise if 

@ units of the system are procured from various sources"? Already a 
number of vexing coordination problems had been raised by G.E. engineers. 
By the end of August 1940 the A~20 fire control system was nearing the 
stage where there was but Little possibility of major design change, yet 
GeE. requested the advice of Douglas designers concerning such critical 
elements as the mounting ring bearing system, the location of the eleva- 
tion drive gear sector, and the type of ammunition feed to be employed. ! 

Despite the fact that the light banber received a high priority in 

@ the fall of 1940, it became apparent that the G.E,. system would not be 
ready for the Amz. When in December 1940 the Materiel Division 


negotiated a {60,000 contract with G.E. for a fire control system suited 


86, JOM, Chief, BES to Chief, PES, 1 Aug. 1940, in Arm. Lah, file, 
@ EeOe 55h] Late 
87. GeE. to Douglas, 24 Aug. 1940, in ibid. 
8, Douglas to MD (WF), 19 Nov. 1940, in Arm. Lab. file, Douglas A~20 
Contract ac 129676 
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® to the A-20A, Douglas made plans to equip the initial A-<0 series with 


hand~-hek! guns onlys”” 

While the GB. A-20 turret developments were under way, a number of 
other aircraft manufacturers studied the new system for possible in- 
stallation in projected bombardment and attack airplanes. Curtiss-irignt, 

© Northrop, Grumman, and the Vought-Sikorsky Division of United Aircraft 
all considered the G.E. project, but of these companies only Northrop 
carried negotiations to a point which eventually led to production with 

the Pe6l armament instaliation.?© 

Among the more important projects ruming parallel to the G.E, A~20 
systen was the installation designed for North American’s proposed 
stratospheric bonber, the XB-28. In April 1940 the Materiel Division 

@ selected Sperry to manufacture the X8«23 fire control system, inasmuch 
as Sperry fire control developments were more advanced than any otherse 
Later, however, the division felt that Sperry facilities were overloaded 
and requested G.E. to undertake the project. The division preferred the 
Sperry sight and computer unit to that designed by G.E., and it was 
decided to have G.E, build GE. turrets to include Sperry sighting 
units.’ 
The XBe2$ contracted for in February 1940 carried a fire control 


@ system of twin .50's in three positions, upper and lower turrets and a 


89, Memo Rpt., EES, 24 Dec. 1940, in ibid. See also Contract W535 ac 
16599, & Dec. 1940, in Arm. Lab. file, E.0. 554—leli2. 

90. General Inspector of Naval Aircraft, WF to Chief, Am. Lab., 
16 Dec. 1940; GE. to Vought~Sikorsky, 14 March 19413 Chief, HES 
$0 GeBe, & Oct. 1940; and Chief, EES to Curtiss-Wright, 7 Octe 

r 1940, in Arm. Lab. file, EeO. 554-1~130, 

91, G.E. Memo on conference re XB«28 Armament, 16=20 June 1940, at 
Schenectady, in ibid, See also IOM, Chief, Arm, Lab, to Chief, 
EES, 12 April 1940, in Arm, Lab, file, E.0, 55h~l<l2h. 
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tail installation. The initial North American plan called for a single 
~30ecal, hand-held nose gun and a similar gun in the tail, but as early 
as October 1939 the Armament Laboratory had insisted that .50~cal. 
weapons be used. 

fhe problems contingent upon the change from Sperry to GE. were 
serious. Under the original plan Sperry developed the computers and 
control systems, but North American built the gun mounts and actual 
turret structure. When G.E. took over the XB-28 fire control project, 
it was decided that the entire unit would be built by that company. 


2 
Hence, the entire Air Corps investment in North American was nullified.” 


By December 1940 four of the six manufacturers who had undertaken 
to develop power turrets were ready to begin work on production contracts. 
Sperry equipment was more or less earmarked for Bel7 use; GeaE. production 
was destined for the Martin B-26 and the Douglas A-20; and Bendix planned 
to install turrets in the B-25, Before examining the details of quantity 
production it is necessary to consider such diverse matters as the Wright 
Field technique for preparing a Circular Proposal, the problem of 
standardization, and the search for alternate methods of providing power 
drives, 


ec prema atpeensimrenas alain ane Ir TT 


92, North American Spec. NA-63 (XB~26), reve to 5 July 1940. See also 
Meno Rpt., EBS, 20 Oct. 1939; and phone transcript, Henry Escher, 
G.E., Mr. Hendricksen, North American, and Haj, M. D, Burnside, 
WF, PES, 25 June 1941, in Arm. Lab. file, North American XB-28 
contract ac 13583. 
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Diagram illustrating typical installation of G,E, 
turrets with periscopic sights. 1942. 
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Twin cal, .50 machine-gun remote control unit 
for use in the G.E. central-station fire control 
os - 
system. Note the streamlining of the dome section : 


and the compactness of the unit as a whole. 1943 6 
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Chapter VII 
POWER TURRETS AND CENTRAL-STATION FIRE CONTROL, 1939—1940 


In January 1939 there were three civilians and one officer working 
on fire control projects in the Armament Laboratory at Wright Field, 
and the budget for 1940 allocated £45,000 to fire control in addition 
to the $25,000 set aside for power mounts. Despite the fact that these 
sums represented a substantially large portion of the funds apportioned 
to the whole experimental armament program, at the Armament Laboratory 
they were considered "wholly inadequate to insure advancement in the 
field of fire control development within the next twelve months.” 

After a year of accelerated activity, the Armament Branch was 
able to report in April 1940 that: 

As a result of examination of reports from abroad, activities of 

Air Corps Tactical Units, and experience gained recently from 

testing experimental gun arrangements by personnel of the Materiel 

Division, it appears that the subject of armament should be given 

careful consideration at this times, « « « 
"Careful consideration" evoked this report: 

Until very recently, airplanes of a multi-place type have been 

defended by installations of singly mounted .30 caliber machine 

guns, Revisions to employ the .50 caliber weapon « « « have 

been seriously handicapped by limited space and the absence of 

power drives. 

The conversion of installations designed for ,30ucal. to .50—cal. use had 
resuited in such serious compromises that the entire question of aircraft 


armament had to be reconsidered, 


1. Chief, ES to Chief, Arm. Br., 20 Jan. 1939, in Arm. Lab. file, Misc. 
Fire Control 1940, 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


AAFHS-5l “ SSTHIGTEy~ : ve 

Reconsideration involved decisions regarding the choice of blisters 
or flush installations, .30's or .50's, multiple or single gun mounts, 
remote or local turret control, pressurized or nonpressurized turrets ; 
machine guns or cannon, and turrets or remotes in nacelles and wing 
structures, Inasmuch as it was impossible to answer al] these questicns 
at once, the Armament Laboratory recommended that a board be formed to 
prepare detailed specifications for aircraft armament commensurate with 
wartime requirements. The laboratory further recommended that it be 
authorized to specify the armament requirement for each particular air— 
plane under contract to insure a more exact and specific compliance 
with Wright Field fire power concapts,” 

The studies undertaken as a result of the survey of aircraft armament 
provoked a comment which echoed the contention of gunnery officers in 
World War I: "All present standard gun installations require manual 
operation. At the high speeds possible with modern types of airplanes, 
the large wind forces make accurate control of turret guns impossible. 
Power operation is, therefore, required,'t 

Projects initiated before the end of 1939 were primarily for experi- 
mental installations, but the modernization program of 1940 made it 
imperative that the experience of the earlier design stage be devoted to 
the development of fire control systems. The Armament Laboratory recognized 
that the critical phase of fire control development lay in the fabrication 
of initial installations, because the arrangements for the defense of 
future airplanes would be largely influenced by the results collected 


from tests of the experimental apparatus" already under construction. 


2. Memo Rpt., EES, 1 April 1940, in Arm. Lab. file, Misc, Airplanes 1940. 
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The Armament Laboratory was also conscious of the fact that only by 
the most careful collaboration between the sections of the Materiel 
Division would it be possible to avoid dangerous revisions of production 
aircraft after delivery. A number of problems in connection with the 
design of various fire control components remained te be solved. Among 
them, the relationship between armament and aerodynamic design had yet 
to reach a satisfactory compromise, A compromise implied a high order 
of coordination between the Alreraft Laboratory and the Armament Laboratory 
at Wright Field; but any such coordinated developuent was certain to be 
impaired, if not frustrated, unless funds "greatly in excess of those 
available in the past" could be provided for an experimental program. 

By October 1940 a sum of $10,000 was allocated to "conduct a study 
to determine the correct design of power operated multiple gun turrets 
with maximum fields of fire and good aerodynamic features with a view 
of improving defensive characteristics." This study sought to establish 
the best possible compromise between efficient defensive installations 
and objectionable aerodynamic conditions, resolving the data made avail~ 
able into specific designs.” Both the National Advisory Caumittee for 
Aeronautics (NACA) Laboratory at Langley Field and the Aircraft Laboratory 
at Wright Field undertook a series of tests along this line,” 

The Aircraft Laboratory reported, on the basis of the evidence compiled 


by testing, that all turrets save those of the blister type produced a 


3e Meno Rpt., BES, 17 May 1940, in Arm. Lab. file, Misc. Fire Control 
1940. 

he EO, 553~1=341, 5 Oct. 1940, in Aru. Lab, file. 

5. MD Liaison Officer, NACA, Langley Fld, to Chief, MD (uF), 10 June 
1940, in Arm. Lab, file, Machine Gun Mounts, 1940. 
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The installation of such turrets would nullify the great effort 

and expense involved in producing low drag basic airplanes, 

Means must be found for providing necessary defensive fire power 

without excessive drag, or the idea of the airplanes concerned 

operating at over 300 mph might as well be given up, 

Without questioning the accuracy of this conclusion, the fact 
still remains that the Aircraft Laboratoryt s report did not reach the 
necessary compromise, nor did it resolve its findings into a specific 
design as requested by the Armament Laboratory, For this reason there 
seemed little justice in the scathing attack of the Aircraft Laboratory 
chief, made some months later, when he charged that Armament Branch 
personnel had made but one visit to the Aircraft Laboratory in the year 
past and that current turret design was "basically very inefficient 
aerodynamically . . . and new airplane designs should not be handicapped 
with such turret configurationgt ! 

Even before the Aircraft Laboratory had recommended the use of 
central~station fire control systems to reduce the high drag coefficients 
of protuberant turrets, the Armament Laboratory had plans for fire control 
lostallations. As early a3 November 1938 a memo prepared for the Assistant 
Secretary of var pointed out that the advent of pressure cabins would in 


turn necessitate a "central control position from which various machine 


8 
guns and cannon can be remotely controlled", 


6 Chief, Aircraft Lab. to Chief, Arm. Labs, 29 Oct. 1940, in ibid, 

7. Oh, Chief, Aru. be to Chief, ting. Div., 10 March 1943; and 24 
ind, PORILE Gun fait’ Lab. to Chief, Eng. Div., 6 May 1943, in Arm. 
Lab. file, inventions, Fink, Re 

% Thief, ES to Dir., Army Aeronautical Museum, 15 Nov. 1938, in Arm 
Lab. file, Lisc, Correspondence 1938, 
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Early in the winter of 1940, the Chief of the Armament Laboratory 
reported to the Chief of the Experimental Engineering Section that the 
question of CFC was ‘tripe for assignment to 4 specific planes” Through 
out the month of January, representatives of the Armament Laboratory and 
several turret manufacturers interested in fire control projects explored 
the CFC field extensively. In February 4 circular letter went out from 
the Materiel Division to ilestinghouse, Bendix, General Electric, and 
Sperry, outlining the tentative requirements for a complete CFC system. 

The circular letter considered an installation of seven .50=cal, 
guns, provision for scanning throughout the entire sphere, a computing 
sight, a fire cut-out or interrupter device to protect the vital structures 
of the plane from gunfire, and all the other equipment which had been 
perfected for use in local turrets, such as hydraulic charging, reflex 
sighting, etc. The system was to mount twin .50's in upper and lower 
turrets, each with 360° azilauth and 90° elevation, a lone .50 in the 
tail with a 30° cone of fire, and single rear«firing 250! s in each nacelles 
with 40° cones of fire. 

The proposed system was to incorporate a twin periscopic system so 
arranged that the gunner could, without undue effort, glance up from the 
station to pick up an approaching target by direct vision. The computing 
sight itself was to compensate for ranges up to 1,000 yards and airspeeds 
of 325 mph as well as for parallax; but no provision was to be made for 
stabilization, although the latter reauired the incorporation of a range 


finder to get continuous range input without affecting tracking ability. 


9. ZOU, Chief, Arm. Lab. to Chief, HES, 25 Jan. 1940, in Arm, Lab, 
file, B.O. 554-1-123.6 
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Inasmuch as weight and balance considerations were critical, competitors 
submitting design proposals were urged to take every precaution to reduce 
weight wherever possible. Moreover, the specifications pointed out that 
existing aircraft electrical systems provided 12-volt DC current ‘in Limited 
anounts" only, and auxiliary power plants would be mandatory. Finally, the 
circular letter required that all proposals submitted be of a design suit- 
able for interchangeable use in more than one type of plane,1° In order 
to facilitate coordination between turret and plan wanufacturers, the 
Materiel Division dispatched telegrams to Douglas, Boeing, Consolidated, 
Lockheed, and Martin, authorizing those fimms to negotiate directly with 
the turret designers on problems of space, weight, and balances! 

When the Armament Laboratory first sought proposals for a fire con- 
trol system it was generally presumed that the installation would be used 
on the A~20, but since all programs were in a constant state of flux the 
B-26 was alternately considered.” 

Bendix signified an interest in the field by submitting a "preliminary 
suggestion" in the form of a tentative outline for a complete fire control 
system? Westinghouse offered a more detailed description of a system 
consisting of a series of synchronous cable and pulley drives operating 
from main power shafts hydraulically actuated. Quarter-inch cables 
cperating on sheaves and drums, with idlers to absorb excess cable deflec- 
tions, seemed to offer a fire control system simpler and less costly than 


electric installations 4 


ed Pn PP 


10, Chief, BES to Westinghouse, Sperry, G.E., and Bendix, 2 Feb. 1940, 
in ibid. . 

11. Ti, MD (uF) to Boeing, Douglas, Consolidated, Lockheed, and Martin, 
9 Feb. 1940, in ibid. 

12. Notes on visit of H. &. Goll to fire control manufacturers, Febe 
1940, by Capt. P. &. Shanahan, in ibid. 

13. Bendix spec., Central Fire Control for Twin Engine Bomber, 16 dan. 
1940, in ibid, tet mB Pky aa 

14. Record of conference with \iestinghouse, 13 Feb. 1940, in ibid, 
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Ey the time a decision had been reached regarding the A-20 armament, 
all the principal turret manufacturers had displayed an interest in CFC, 
bub the fleld was sc novel and there was so little precedent to build on 
that it proved exceedingly difficult to prescribe the exact nature of 
the equipment sought. An Armament Leboratory representative visited 
the several interested manufacturers to garner ideas for mounts, sights, 
retracting mechanisms, typical weights, and dimensions, It was believed 
that the industrial designers would have a number of ideas to offer, in- 
4.much as the war-ingpired deluge of requests for information on CFG 
from airplane manufacturers could not help but stimulate interest in 
turret planning.!? 

The Wright Field engineer who visited the four major fire control 
facilities reported that there was an immediate need for clarifying the 
manner in which proposals were to be prepared, If ‘/right Field was 
working in the dark, so were the manufacturers. The very magnitude of 
the problem and the variety of potential solutions made it impossible 
for manufacturers to organize their studies in any fashion suitable for 
comparative consideration, Without some organization along this line 
it would be difficult for the manufacturers to quote on complete systems 
with any degree of validity. 

At Wright Field it was recommended that the manufacturers be allowed 
two to four weeks to prepare schematics along with weight and power 
estimates to meet a specific circular proposal, These first rough studies 


would then give a basis for deciding whether or not to proceed, after 
having evaluated the initial studies comparatively, 


15. Notes on visit of M. E. Goll to fire control manufacturers, Feb. 
1940, by Capt. Pe Ee Shanahan, in ibids 
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This recommendation raised a number of questions. If the Armament 
Laboratory sought tentative, rough-draft proposals, some decision would 
have to be reached as to whether or not any competitor should be allowed 
to submit more than one design, Since the initial contribution would 
determine which design would be selected for amplification, there would 
be a natural tendency on the part of the manufacturer to submit several 
different designs as insurance, and a multiplicity of offerings implied 
less concentration in perfecting a single design. 

Furthermore, a policy of preliminary proposals raised the issue 
of payments. Inasmuch as the rough draft desig involved engineering 
studies of an extended nature, some manufacturers might prove unwilling 
to undertake the necessary research unless a system of compensation could 
be established to cover the studies rejected at the first sifting. ° 
Although no immediate solution could be reached regarding this question 
of policy, the issue, once raised, could not be avoided indefinitely. 
Like so many other problems which became evident only during the accelera~ 
tion of war projects, this question thrust itself forward for eventual 
consideration, even though the immediate contingencies of engineering 
questions had pushed problems of organization and procedure into momentary 
eclipse, 

To carry out the recommendation for a more organized and specific 
proposal format, the chiefs of the Armament Laboratory and the Experi- 
mental Engineering Section held a conference late in February 1940 to 


reach a definition of terms and a delineation of responsibilities for 


16. Memo, M. E. Goll to Capt, P. E. Shanahan, 21 Feb. 1940, in ibid. 
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fire control equipment. The various types of sighting stations and gun 
positions were systematized, and preliminary armament specifications 
were outlined for the A=~20, B-17, B24, B-25, and Be26é. A minimum ree 
quirement of ab least two sighting stations was established for heavy 
bombardment airplanes, and a plan of coordination prepared for correlating 
armament current—consumption requirements with the Koulpment Laboratory." 
Toward the end of March 1940 another circular letter left the Arma~ 
ment Laboratory for the four major turret manufacturers, Westinghouse, 
Sperry, Gei., and Bendix, This circular, profiting by the experience 
of the earlier search, was carefully defined in detail, In addition to 
a statement of general design requirements, the circular stipulated that 
proposals would be submitted on the first day of April, 11 days away, 
and would include a quotation on five fire control systems, together with 
complete drawings and a statement regarding possible future deliveries, 
The complete system, deliveries to begin in one year, was conceived 
for a four-engine heavy banber. ‘The general requirements included pro~ 
yision for installation in a pressurized cabin, twin-.50 turrets through- 
out and twin .50's with a 20—mm, cannon in the tail, all-around defense 
with a crew of 6 or 7, reliable functioning in speeds up to 450 moh and 
at 40,000-foot ceiling—in all, not less than ten .50's and a cannon 
distributed in at least 5 emplacements controlled from 2 or 3 sighting 


stations 8 


17. Gentral station fire control program as outlined in a conference 
between Maj. Frank Carroll and Maj. Grandison Gardner, 27 Febe 
1940, by Capt. P. BE. Shanahan, in ibid, 

1é. uD (aE) to Sperry, Westinghouse, Gele, and Bendix, 20 March 1940, 
in ibid. 
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A few days before the competition closed, Sperry and G.E, telephoned 
Wright Field to record their intentions of entering formal proposalse!” 
Westinghouse was unable to prepare a proposal of any sort in the time 
allowed, so it proved impossible to consider that manufacturer in the 
April competition. When the bids were opened, the three systems 


2. 
offered were sufficiently similar to form a basis for canparison: 1 


Company Delivery Unit Gost Gost of Five System 

Bendix 12 months $ 84,000 $420,000 2 stations, 6 guns 
Sperry 15 months 83,790 418,950 2 stations, 6 guns 
G.E. 18-20 months 150,000 450,000 3 stations, 6 guns 


Al). these bids were prepared on short notice and fell considerably below 
the minimum requirements established by the Armament Laboratory, However, 
since they all represented the projects under development by the several 
eonpetitors, they provided an accurate index of the evolution in fire 
control equipment to that time. 

The Sperry proposal won the competition with a figure of merit of 
1,600 points, GB. came second with 790 points, and Bendix trailed with 
645. Both Gow. and Bendix were severely penalized because, in contrast 
to Sperry, neither presented more than an undeveloped sketch ot/ali~ 
important computer unit. The Sperry computer unit utilized the accumulated 
fund of experience acquired in designing the ZFLi~1 computer, which gave a 


reasonably definite assurance of successful operation, Bendix, on the 


19. IO, Chief, Arm. Lab, to Chief, ED (iF), 23 March 1940 (marked 
Minot sent! 5 in ibid. 
20. Chief, Contract Sec., WF to Westinghouse, 5 April 1940, in ibid. 
21. Quotations on CFC invitation of 20 March 1940 (proposal 218}, 
2 April 1940, in ibid. 
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other hand, felt that no solution to the computer's critical range~ 


finding problem existed short of adding another man to operate a range 
input continuously or compromising with an approximation in terms of a 
fixed range. Furthermore, while Sperry definitely lined up Keuffel & 
Esser for optical units, GZ. planned to procure optical units from 
Bausch & Lomb, who were already overburdened with contracts, Bendix 
intended to rely upon optical units within its ow organization, men 
who were all less experienced than those of Keuffel & Esser. 

The Armament Laboratory directed Sperry to develop the proposal 
in detail, making estimates on materials, facilities, and prioritiese 
All aircraft manufacturers were instructed to communicate with Sperry 
regarding the CFC system, but it was also suggested that GE. and Bendix 
be kept in touch with the progress of the Sperry developments in order 
to maintain an adequate point of departure for future proposalse~ 

More than a week after the competition closed, Westinghouse presented 
a proposal which Wright Mield officials considered "very clumsy" and 
‘unduly complicated." Although one laboratory representative agreed that 
the "Westinghouse Company would undoubtedly be a fine one" in the turret 
field, the proposal was sufficiently crude to indicate that any money 
spent would go "largely to educating the Westinghouse Company in the fire 
control fiela,"”? But in April 1940 it was rather late to educate. The 
experimental contracts with G.E., Sperry, and Beadix running from 1936 


through 1939 were beginning to show results, 
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22, Memo Rpt., EES, 15 April 1940; and Bendix to MD (WF), 5 April 1940, 
in ibid, 

23, Informal proposal for centrel station fire control system, desting- 
house, 9 April 1940; and IDM to Capt. P. E, Shanahan, 30 April 1940, 
in ibid. 
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By the end of April 1940 both GE. and Sperry promised local turrets 
without compensating sights within the next 90 days with expectations of 
peak production scmetime in September or October of 1940, the Armament 
Laboratory optimistically reported, Every effort was being made to 
standardize sights and gun installations "to eliminate the necessity for 
tailoremaking for each type of airplane." 

Standardization or no standardization, the evoiution of fire control 
apparatus above the level of local turret development inevitably stumbled 
on the critical element of optical units. ange finders were the bottle- 
neck of computing sights, but even if a satisfactory range finder were 
to be devised, the limited production capacity for sight optics available 
to the Materiel Division threatened to defeat the whole fire control 
Prograne 

To reduce the optical unit production hazard, the Materiel Division 
canvassed a number of instrument and optical concerns for ‘a brief state- 
ment of your interest" as well as "an account of your resources in 
personnel and manufacturing facilities."” Just as in the case of Westing- 
house, April 1940 appeared rather late to be conducting a survey of 
supplementary facilities for information which was probably already 
available in the Industrial Planning Section at Wright Field. 

The importance, even the absolute necessity, of educational orders 


or design studies is nowhere better illustrated than in the reply of one 


24. Information on fire control, prepared by Capt. F. 0, Wolfe on 
verbal request from Brig. Gen. B. Ke Yount, 25 April 1940, in ibid. 

25. Chief, EaS to Wollensak Optical Co., American Optical Co,, Spencer 
Lens Co,, Simpson Optical Mfg. Co,, Kollmorgan Optical Corp., and 
Rochester University, 9 April 1940, in ibid. 
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instrument company: 26 


This company does not profess wide experience with sights and range 
finders; however, with the assistance and suggestions of the Ordnace 
Department of [or] the U.S. Army Air Corps, together with the con- 
sulting services of West Coast engineers who are familiar with this 
field, we do not anticipate any difficulty in working ou’ this phase 
of the problen. 

The evolution of a successful fire control system was in its earliest 

phase. The manufacturers had mch to learn. 

The GH3 Air Force, in reiterating the immediate need for medium and 
long-range bombers, the B~28 and B-29, noted that these bombers included 
a "remote fire control system which is experimental,"" Discussions with 
officers familiar with fire control gave the GH Air Force-a "very 
definite impression" that while the development was promising, it would 
be "several years't before the system could be made ready for combat use. 


"In other words it is believed that in these types we have too many eggs 


in one basket, because of the experimental fire control system," The Deputy 


Chief of Staff for Air was reported to be of substantially the same opinion.~" 


Whatever promise central«station fire conbrol held for the future, in 
the winter of 1940-41 there were more immediate problems pressing for a 
prior solution. The locally controlled turret had reached the verge of 
quantity production, and for at least two years the major interest was 
to center on the problems attending the perfection of Local turrets rather 


than on the development of remote and central-station fire control systems, 


26. Librascope Inc,, Bunbank, Calif, to MD (WF), 5 June 1940, in ibid. 
27. CG, GHQ AF to C/AC 6 March 1941, quoted in CII~214, in Arm. Labe 
OTT file. 
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Chapter VIII 
AN ATTERFT AT STANDARDIZATION, 1940~192,1 


By December 1940 a large number of turret projects were under way 
in the United States. An cbjective and comprehensive picture of these 
projects as a whole is given in the report on turret development pres 
pared for the Eritish Air Commission by B. B, Henderson, the chief 
designer for Nash-Thompson, Itd., and Parnall Aireraft, Ltd., of 
England, 

Henderson came to the United States in December 1940 to prepara 
his study of the turret industry at the direction of the Ministry of 
Aircraft Production. In all, he inspected 36 different turret models, 
of which 10 were finished and operating and 5 were finished but not 
under power. Of the renaining 21, 7 were mock-ups and li were either 
very sketchy mock-ups or drawings only. Of the total number, 26 had 
hydraulic control, 9 had electric control, and 1 had mechanical control, 
All the hydraulic systems relied on some form of Vickers unit for 
pressures ranging from 400 to 100 pounds per square inch, Five of the 
electric systems were amplidyne, two operated with some form of pulsating 
fC control. 

British practice in the turret industry had been to restrict produc~ 
tion to two manufacturers, ach designer utilized a standardized mounting 
ring, which made the products of either readily interchangeable, to retain 


a healthy state of competition. These two sources designed and produced 
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foux basic types of turrets—-nose, tail, upper midship, and lowers 
Production policy in the United States at the time was markedly differ- 
ent. 

There were too many designs in progress at once in the United States, 
the British engineer reported, Too many manufacturers retarded rather 
than encouraged development, for not only did each new competitor explore 
the field and learn by experience the lessons already learned by those 
who entered the business earlier, but a multitude of designs required a& 
disproportionately large amount of time for testing the merits of each 
and selecting the best points for standardization. 

With regard to power drives and controls, Henderson felt that in 
the majority of cases insufficient attention had been paid to "tthe 
importance of slow training rates as opposed to fast." Furthermore, 
every hydraulic system tested revealed a dead spot at neutral in changing 
from one deflection to another. British combat experience had stressed 
the fact that smooth transitions from positive to negative deflections 
were "extremely important when following a target." Aithough Henderson 
considered the hydraulic systens "satisfactory up to a point,'' he con 
cluded that he could regard none of them as "adequate for operation 
under war conditions." 

The verdict on electric controls was somewhat more promising. ‘The 
amplidyne system," the report notes, was "very satisfactory indeed,'t 
The GZ. position control seemed to offer great promise in renote turrets 
and nose or tail cone fire turrets, but not for upper or lower turrets 
requiring continuous rotation, in which case speed control seemed best 


suited, 
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The Bendix lower turret was judged "unsatisfactory" by Hendersone 
Not only did the apparatus reveal a dead spot at neutral but a complete 
loss of control as well, Henderson was ewphatie: "I feel that this 
particular system has so little to recommend it that it should be dropped 
in favor of either the hydraulic or the G.E. system [amplidyne]." Many 
gunners agreed with this verdict when the Bendix turret reached the stage 
of combat operations, 

Summarizing turret projects in the United States, Henderson pointed 
out that in every case turret designers had devoted too little time and 
attention to gunner comfort. Seat design, hand control position, slot 
closure, and heating were all important but neglected considerations, 
Moreover, besides the unfavorable feature of a dead-spot neutral, most 
of the turrets revealed that inadequate consideration had been devoted 
to gun and loading accessibility. Few of the turrets contained harmoniza— 
tion facilities. In short, ‘very few of the turret designers knew mich 
about the practical aspects of gunnery.e 

Perhaps the two most critical comments of the Henderson report which 
affected turret designers in the United States were: (1) entirely too 
little attention had been devoted to the scanning area, the field of 
view, provided in each turret; and (2) it was imperative to standardize 
sights before attempting to standardize turrets because turret design 
hinged inevitably upon sight design. The validity of this axiom became 
all too apparent when the Materiel Division procured the Consolidated 
tail turret, but for the moment division policy had seemed to settle 


on the N-series reflex aight.! 


1, "Notes on gun turrets for aircraft in the USA," by B. 8B, Henderson, 
BAC, 28 Feb. 1941, in WF Lib., D/72.11/117. 
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The British Air Commission was anxious to secure turrets for British 
aircraft or Lend~Lease aircraft in British service. There were two 
possible courses of action to this end--manufacturing British turrets in 
the United States or standardizing a turret for use in both the Air Corps 
and the RAF. Either course of action promised to be difficult, Space 
and weight considerations, among others, made it impractical to install 
British turrets on aircraft built in the United States, On the other 
hand, converting domestic machine tools to British specifications would 
be inevitably compiex, while the prespect of coordinating the Air Corps 
and the RAF in a joint production plan contained difficulties that were 
all too cbvious to Materiel Division officers who had had experience 
with inter-Allied cooperation in the first World var.” 

In June 1940 the Curtiss Asroplane Cospany received an inquiry from 
the British regarding Curtiss’ interest in taking up the license to 
ranufacture Frazer-Nash, Soulton=Paul, and English Vickers components 
in the United States, Curtiss did not wish to undertake such a project, 
but reported the inquiry to the Materiel Division, suggesting thet it 
eould be steered to some other manufacturer if the division so wished,” 

Procurement of B-2i's for the British under Lend-Lease brought the 
question of turret installations to a head. In November 1940 two Eritish 
engineers, Ce B. Lowe of Nash-Thompson, Ltd., and a Ur. Hughes of Boulton= 


Paul, arrived in the United States with three Frazer-Nash and two 


2. For specific case histories on this point see “History of Bureau 
of Aircraft Production" [Vorld war I], chapters on Foreign Missions 
to the U.S., and Bureau of Aircraft liissions Overseas, pp. 1161- 
1278, Heel No. 2 of microfilm copy in AFSHO files. 
3. B.S. tiright to Col, 0. FP. Echols, 28 June 1940, in ATSC 473.5, 
" General. 
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Boulton-Paul turrets to hold a conference with Army and Navy personnel 
at Wright Field,” 

The Chief of the Materiel Division in Washington reduced the problem 
to its simplest terms and directed tiright Field to prepare plans for 
producing either the Boulton-Paul or the Frazer-Nash in the United States. 
When the several models became available for test and inspection, the 
directive added, a selection of the better of the two makes could be 
made and the production plan put into effect.” To facilitate this program 
the British were willing to send a "works manager" and technicians to 
assist in demonstrating vital shop practices to speed the establishment 
of domestic turret production.” 

A Sirignt Field turret conference in December 1940, British engineers 
described and demonstrated several types of British turrets, which were 
considered in great detail by a widely representative board of Air Corps 
officers who had gathered to study the turret production problem, In 
general, British policy favored locally controlled turrets. ‘Remote 
sighting is not considered feasible by the british," the conference 
reported, "for the reason that serious deflection problems are bound to 
result," As a matter of practice, the HAF was temporarily abandoning 
remote systems when initial inaccuracies of three mils were encountered, 

After the discussion narrowed down to local turrets, it was decided 


that the Frazer-Nash type control handles, a modified "handle bar" 


ke Memo, Chief, Arm. Sec. (Wash.), to Chief, MD (Wash.), 22 Nov. 1940, 
in AAG 4.73.5. 

5. CTI-129, 4 Nov, 1940, in Arm. Lab. Classified Technical Instruction 
file. 

6 Chief, Arm. Sec. (ash.} to MD (iF), 4 Nov. 1940, in Arm, Lab. file, 
E.O~ 553-1-350. 


Ben UF 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


AAPHS 54, ste 155 
Pa a hy i rich 
beg ty \ [nai 


e arrangement, were superior to the Boulton=Paul stick control, but at 


that point the discussions bogged dow. By December 1940 the Materiel 
Division had let a number of turret contracts, and manufacturers were 
well along toward production. 
When the conference turned to consider future standardization, it 
© was pointed out that the need for production quantities before the end 
of the development period effectively killed all hope of immediate 
standardization. However, as a starting point, mounting ring dimensions 
had to be standardized to give aircraft designers a basis for plannings 
The Wright Field argument against manufacturing British turrets in 
the United States was that even with a nucleus of technical experts from 
the United Kingdom, production of British turrets in the United States 
@ would not begin to roll for 18 months, by which time domestic production 
would be well advanced. It was felt, however, that British turrets could 
be manufactured in the United States if supported by priorities, pro- 
viding such production did not interfere with domestic output. To do 
this, the conference considered it wise to allocate British turrets to 
a manufacturer not already tied up with Air Corps turret contracts. 
Tt was evident that the RAF was as lukewarm to standardization as 
the Air Corps, according to a panel discussion at the Ministry of Air- 
@ eraft Production in London. Inevitably, the point was raised that 
concentration on any single type of turret must be avoided in order to 
retain a wide potential range for every possible future need. To 


illustrate this with a pointed case, consider the limitations on the 


e 4a Memo Rpt., EES and PES, 13 Dec. 1940, in ibid, 
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development of stabilized turrets which would have been imposed if all 
Air Corps turrets had been eouipped with tapered cone friction clutch 
speed controls when electric stabilization came in, An RAF wing 
commander who had toured the United States inspecting turret manufactur~ 
ing facilities reported that the Materiel Division had gone into production 
with turrets which were "admittedly inferior," planning to improve designs 
after production was rolling and after the end of the emergency created 
by the virtually unarmed planes being tured out in the United states.” 
° The Production Engineering Section of the Materiel Division was 
specific in pointing out that the mere fact that British turrets utilized 
»30“cal. while domestic turrets utjlized .50-cal. guns was "sufficient 
to discourage any further consideration of the use of British turrets,' 
for the Loss of time involved in changing over design and accessories 
from a 30 to’ «50 turret would nullify the time saved by using a ready 
built foreign design.’ Complete standardization of all turrets was 
quite obviously an utter impossibility, but the project to build a 
British type of turret in the United States forged ahead nonetheless, 
urged on by the dire need for turrets in the United Kingdom and the 
pressure of interested industrialists, 

A number of manufacturers, including Packard and General Motors, 
indicated a desire to consider turret production when it became evident 


that turrets had reached the stage of large-scale industry, but the Chief 


8. "kinutes of First Meeting of Fifty Caliber Gun Turret Panel Held 
2h Feb, 1941," by U. 5S. Military Attaché, England, Rpt. 42699, 
24 Feb, 1941, in WF Libs, D72.11/116. 

9, ICM, Chief, Bomb Br. to Chief, GFS Br., 28 Nov, 1940, in Arm. Lab, 
file, E.0. 553-1-350, 


deen ot an 
i 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


ES AP ie: 
AAFHS=54 ; 157 
of the Materiel Division in Yiashington directed Wright Field to withhold 
release of British turret degigns until a decision could be reached 
regarding production policy. In view of the magnitude of the problem, 
it was recommended that the quesbion be placed before the National 
Defense Advisory Commission (NDAC} with the suggestion that the question 
be disposed of in a manner similar to the method used in the case of 
American production of the British Holls=loyce engine.!° 

& number of factors were involved in the ultimate decision to 
build British turrets in the United States, but none was so vexing as 
the problem of coordinating both the quantity requirements and the design 
standards of the Army, Navy, and British air arms. The inter-service 
nature of the question made it an obvious one to refer to the Joint Aire 
craft Conumittee (JAC), where it was handled by a Subcommittee on Standardiza~ 
tion of Aircraft Turrets, 

Although the JAC had discussed turret standardization in principle 
as early as August 1940, the subcommittee on turrets did not hold its 
first meeting until January 1941. During the course of this and two 
meetings the following month, it was decided that a conbinatbion of the 
best features of Boulton-Paul and Frazer-Nash turrets could be canbined 
to design a twin-.50 turret acceptable to the Army, the Navy, and the 
British. The proposed turret, called the ANB, would not be suitable for 
planes already on contract, but could stand as an objective in anticipated 


aircraft designs 


10, Ti, Chief, MD (Jash.) to MD (AP), 30 Dec. 1940, in ibid. The 
National Defense Advisory Commission (NDAC) is sometimes referred 


to as National Defense Council. It was merged into the 
(ale) of Production Management (7511) MARNE Use MOP EREL DPS ERB 
1942). 
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The JAC subcommittee planned to extablish a completely free pool 
for design ideas, patent rights, ete., in an effort to speed the pace 
toward design stabilization as a factor in standardization. To make a 
start in this direction, the subcommittee directed the Army, Navy, and 
British alr arms tc submit a statement of estimated ANB turret require- 
ments in order to arrive at a cumulative production figure. This total 
would then be submitted to the NDAC, which would establish facilities 
for production. The JAC plan called for preliminary turret drawings 
from England in May 1941 and final drawings in the United States by 
August 1941. is a point of departure, the plan suggested the manufacture 
of 500 upper and 500 tail turrets of ANB design. JAC directed the Office 
of Production Management (OPM, successor to NDAC) to survey industrial 
facilities in the United States for the purpose of selecting a suitable 
manufacturer with adequate potential production capacity. 

Specifications for the proposed ANB turret were draw up, stipulat 
ing Frazer-Nash hand controls, a minimum of 600 rounds of ammunition for 
each gun, twin .50ts, an elevation are from plus 85° to minus 30° » and 
with 30°-per-second and 50° ~per-second maximum elevation and azimuth 
speeds from a minimum of 1/2° per second, both laying and training. The 
specifications combined all the best features of turrets, both foreign 


and domestic, including armor plate, adenuate harmonization facilities, 


Jl. Report of JAC Subcommittee on Standardization of Aircraft Turrets, 
20 Feb. i941, in Arm. Lab. file, Secret Correspondence, folder 2, 
1941. See also Kinutes of Conference of BAC, NDAC, and Air Corps 
representatives on standardization, WF, 27 Aug. 1940, in AG Project 
Records 1940-1941, compiled by Col. A. J. Lyon (microfilm), vole 
38, "Conferences, etc.," ATSC Historical Office. 
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ammunition boosters capable of sustaining three Gts, automatic gun 
chargers, emergency manual operation facilities, and many other important 
devices already appearing in one or another of the turrets being independently 
manufacturered.”” The ANB standard turret seemed off to a flying start. 
Materiel Division engineers familiar with the practical problems of 
production were less enthusiastic than the iWashington planners. The 
division insisted that turrets were required to meet aircraft delivery 
schedules; and if it proved impossible to meet such schedules, steps would 
have to be taken to "freeze the design" of a domestic turret type to furnish 
design data to aircraft manufacturers. In any event, it had become imperative 
to decide upon a definite manufacturer for the ANB standard turret, in order 
to plan tool requirements in advances? 
The earlier plan to manufacture unmodified British turrets in the 
United States fell to one side as the ANB project gathered headway. In 
March 1941 the Chief of the Materiel Division in tashington informed Wright 
Field of a decision to shelve the British turret production program. Up 
to that moment there had been no written agreement concerning detailed 
reguirements for such turrets. The transition from .30-cal, to ,50-cal, 
guns promised to consume a year; and inasmuch as turret production in the 
United States had already achieved a substantial level of development, it 
was decided that no action would be undertaken on British turret produce 


tion until a definite requirement appeared, 


12. JAC Subcommittee on Standardization of Aircraft Turrets, ANB upper 
midship turret specification, Feb. 1941, in AAG 473.5. 

13. TeX, EES (WF) to MD (Wash.), 14 Feb. 1942, in Arm, Lab. file, E.0. 
5539-13506 

14. Exec., MD (iash.) to Tech, Exec. (WF), 1 March 1941, in ibid. 
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The OPK committee assigned to investigate potential turret manufacturers 
soon narrowed the field down to two St. Louis concerns, the dmerson Electric 
Manufacturing Company and the Knapp Monarch Company, the former specializing 
in anall motors, the latter in electrical appliances, Both represented well- 
established, efficient organizations. Emerson had an ample but old array of 
machine tools which would require little revision for turret production. 
Knapp had a number of new machine tools, out they were not particularly well 
adapted to turret tooling. Both manufacturers lacked adequate engineering 
staffs, but each had large floor-space areas and a sufficient number of 
millwrights and toolmakers to undertake a novel project. Although neither 
concern had had much experience in the precision work required in turret 
manufacture, both were anxious to enter the field.” 

The OPM favored Emerson, since its capacity was not already overloaded 
with defense work, Following the JAC plan, CPM opened negotiations with 
Emerson regarding facilities, contracts, ete., and the Materiel Division 
prepared to send a liaison officer to England with an Emerson representative 
to obtain detailed manufacturing drawings of British turrets. The division 
felt that it was essential to send a liaison officer, for, as one officer 
said, "If we let the manufacturers go over there on their own, probably 
they'd make a theatrical of az.w'® 

Gmerson acquired an interest in the turret field by buying up certain 
manufacturing rights which became available whea the Tucker turret project 


dissolved after failing to secure a production contract from the Air Corpse! 


15. ‘Wx, Chief, EES (1) to Chief, £5 (iiash.), 15 April 1941, in Am. 
Lab. file, Machine Gun Mounts 1941. 

16. Asst. Chief, Lircraft Sec., (dash.) to Chief, HD, 14 April 1941, in 
ibid, 

17. Contract Sec. (WF) to Enerson, 27 Larch 1941, in ibid. 
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The Orif decision to select Emerson to manufacture the ANB turret was made 
without special reference to the Materiel Division, which had evinced 
Little faith in Emerson's capacity to produce. One Air Corns official in 
Washington probably reflected the prevailing Materiel Division opinion 
when he said of Emerson's ANB contract, "I don't know whether they'll ever 
get then done or not, but don't much care." Plans to increase aircraft 
production to 1,500 planes per month in dune 1943 made it essential to 
anticipate increased turret production; but the burden was expected to 
fall upon Sperry and Bendix rather than upon any new, uatried manufacturer.” 

Very shortly after the OF had decided upon a facility for the ANB 
turret, We S, Symington, representing Hrerson, set off for England, where 
he learned that the Ministry of Aircraft Froduction wanted both the 
Boulton~Paul and the Frazer-Nash manufactured in the United States. ‘This 
plan was, of course, contrary to the JAC standardization program; and in 
addition, as Symington pointed out, to produce two canpletely different 
British turrets in the United States would result in an extravagant waste 
of tooling, ‘This apparent impasse was settled when it was decided that 
a selection would be made between the two major British manufacturers' 
models by Wing Commander Spreckley, the turret project officer who had 
previously toured the turret facilities of the United States.’ 

Wing Gonmander Spreckley and Symington visited the various centers 
of turret manufacture in the United Kingdom to secure firsthand informa- 


tion upon which to decide between the two turret types, Symington was 


18. Phone transcript, Col. “randison Gardner and Maj. F. C. Wolfe, 
25 April 1941, in ibid. 
19. Maj. J. T. Murtha to Brig. Gen. 0. P. Echols, 13 May 1941, in AAG 
7365, Mounts, 
He SE ae oy 
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impressed with what he saw. The Frazer-Nash plants he described as 
jewels of efficiency" even though they were working through "blitz" 
debris. ‘Their handling of magnesium casting he rated as "far ahead of 
anything we have seen in the States." Nevertheless, Ying Commander 
Spreckley selected the Boulton-Paul as the model for use in the ANB 
project. 

The Boulton-Paul turret was ideal for the purpose intended, not 
only because it was less complex than the Frazer-Nash but also because 
it was produced under conditions which lent themselves admirably to 
application in the United States. The Boulton-Paul turret was not actually 
manufactured in the Boulton-Paul aircraft plant where it had been designed 
by J. D. North, the Managing Director. Instead, only drawings were pre~ 
pared there and all production was carried on by the lucas Company, an 
emergency turret facility in Wales with a capacity of approximately 400 
turrets a month, This "remote control" project played directly into the 
hands of the ANB plan, for it forced Boulton-Paul to prepare manufacturing 
drawings that were much more detailed than if the turrets had been con 
structed directly in the home plant. 

Even though Boulton-Paul drawings were available in vastly more 
elaborate detail than Frazer-Nash drawings, the intricate task of pre~ 
paring tracings suited to industrial standards in the United States 
threatened to be a time-consuming process. To insure a sufficiently 
donestic interpretation, Symington was acconpanied by two engineering 
draftemen from his Emerson staff. At the same time they were assisted 


by a corps of Bonlton-Paul technicians. 
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The design selected represented a long evolution of turret structures, 
North, the Boulton-Faul designer, had worked on turrets for over 10 years 
and held a number of sasic patents in the field. The fundamental principles 
of the turret were, by a curious coincidence, of French origin.” Accord~ 
ing to the report of an RAF officer, it was shortly after the racing car 
designer, Frazer-ash, had built his first power turret in 1933 that a 
British armament dealer stumbled upon a lead which took him to a lM, de 
Bouisson in Charentan, just outside of Paris. The De Bouisson turret, 
which contained the basic elements of the electro-hydraulic system of 
the future Boulton-Paul turret, had been offered to a French official. 
when that official refused to consider the turret without benefit of a 
bribe, the furious inventor had turned his manufacturing license over to 
Boulton-Paul in Englend,~ 

The decision to select Boulton-Paul was cabled back to the United 
States, where there had been a pood deal of disturbance over the delay 
encountered between the time of the OF’ decision on the Emerson facility 
and the time when British drawings would be available to begin production. ?" 
The Chief of the Materiel Division had been especially disturbed, and had 
written to the assistant chief at @right Field: "It is my opinion that 
if we cannot come to an agreement at once, we should forget the whole 


proposition and manufacture Sperry turrets, 023 


20. Rpt. of W. 5. Symington on trip to the United Kinrdom, 45 May 1941, 
in Arm, Br, file, Secret Correspondence, folder 2, 1941. 

21. London Sunday Fictorial, 22 Oct. 1944, feature article by Group 
Captain CG, Hilton Keith, De Bouisson is sometimes spelled De 
Boysson, 

22, R&R, OCAC to Chief, MD, 6 May 1941, in AAG 473.5, Mounts. ‘See also 
R&R, Colef, MD (Wash.) to Chief, MD (NF), 12 May 1941, in ibid. 

23. IGM, Chief, MD (Wash.) to Asst. Chief, MD (WF), 8 May 1941, in ibid. 
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The Air Corps representative who had been scheduled to accompany 
Symington to England arrived after the decision had been made on the 
Boulton-Paul. Fearing that Frazer-Nash or Parnall, Ltd., might later 
wish to make a political issue of the selection and bring unfavorable 
publicity to the Air Corps, the representative, Maj. J. T. Murtha, an 
officer who had been intimately associated with the Nateriel Division's 
armament program, adroitly arranged to have it officially reiterated that 
the selection of Boulton-Paul was a British decision. 

It was perhaps unfortunate that there was such an urgency in the 
whole decision, for the fate of the ANB standard turret was largely 
decided when it had been determined to follow Boulton-Paul's fundamental 
design, Major Murtha reported, “it appeared wise to accept without 
question anything they have to offer, The whole thing has now progressed 
too far to delay by fighting over further changes." The Materiel Divi~ 
sicn accepted the Boulton-Paul decision as final in May 1941; and, upon 
Symington's return from England in June, the first steps in ANB turret 
production were undertaken.”? 

In May 1941 the Chief of the Materiel Division in Washington directed 
Wright Field to make a survey of the various types of Air Corps bombers 
that might be able to utilize the ANB standard turret. The Materiel 
Division did not look with favor upon the ANB turret, which would not 


come into production until late in 1941, when the domestic turrets already 


24. Maj. J. T. Murtha to Brig. Gen. C. P. Echols, 13 May 1941, in ibid. 

25. Chief, My (aash.) to Anderson-Wichols Associates, 2 June 1941, in 
ibid. See also Memo kpt. by Maj. Murtha, 10 June 1941, in Arm, Lab. 
file, Secret Correspondence, folder 2, 1941. 
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under contract would be ready for installation, However, the division 
agreed that if the ANS proved superior to domestic turrets, it could be 
exchanged later when production increased. 

A proposed program for allocating ANB turrets was prepared for OFM 
for the 700 Liberators scheduled by Lend-Lease production plans, 500 
Vega Venturas, more than 450 Lockheed Hudsons, and 500 Martin Marauders, 
in addition to an unallocated 2,500 to the Navy—~a grand total of over 
6,500 turrets, Although an almost entirely speculative figure, this 
number offered a starting point upon which to plan ANB contracts. Emerson 
expected to reach a 1,000-a-month production rate by June 19/3; but the 
Materiel Division planned to issue a letter of intent on a total of a 
mere 1,000 turrets in order to help get Emerson started, 

The Materiel Division looked askance at the ANB turret, which, apart 
from being a compromise to begin with, was reported as unsuitable for 
many types of aircraft because of space and weight limitations and air- 
plane design characteristies,~° The division was, however, very willing 
to have OPM assist Emerson with priorities; for even if the major portion 
of ANB turrets produced were allocated for British and Navy use, the 
Ecerson facility by that time represented a turret capacity which could 
not be ignored." 

Even before a decision had been reached on the armament of the Be2k, 
for which the ANB turret had been seriously considered, the Materiel 


Division decided, at least tentatively, to "wash out" the ANB program 


26, Memo prepared for H, ik. Boyer, OP, 9 June 1941, in ATSC 473.5, 
General. 

27. Chief, MD (iash.) to H. &. Boyer, OPM, 1 duly 1941, in AAG 473.5, 
Mounts. 
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after the first limited production order had been run through. It was 
suggested that the Emerson facility might well be devoted to subcontract 
work for Sperry or Consolidated, Bendix turret deliveries had been so 
poor up to duly 1941 that it seemed not unreasonable to switch some of 
the Bendix contract to utilize Emerson's capacity. The chief of the 
Armament Laboratory spoke for the future when he suggested that it would 
be wiser to pile the bulk of the subcontract work "into Symington's lap" 
and build up one facility rather than tnaree or rour,”® 

The Defense Plant Corporation (DPC) signed a plant-expansion contract 
with Emerson on 15 July 1941, under the sponsorship of the OFM, However, 
as early as June construction had been under way on the new Emerson turret 
plant in St. Louis. By the middie of July, at least 70 per cent of the 
necessary machine tools, most of then: procured secondhand to facilitate 
delivery, were installed in temporary quarters.” The original DPC 
Lease provided for ‘704,000 square feet of plant space equipped to produce 
1,000 turrets a month, the whole expansion to be financed by DPC at 


approximately $10,500,000. 


28. Phone transcript, Lt. Col. Grandison Gardner and Maj. F. C. Wiolfe, 
10 July 1941, in Arm, Br. file, EO. 54-1-130, See also phone 
transcript, Maj. S. 2, Brentnall, Bendix Res. Rep. South Bend and 
Col. Ke B. Wolfe, 22 July 1941, in ibid. 

29. Symington, Emerson to Boyer, OPM, Rpt. Noe 3 on Emerson DFC project, 
a2 July 1941, in AAG 473.5, Mounts. 
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The magnitude of the turret manufacturing business et the Emerson 


facility alone is suggested in this table: 


DPC Projects 


TBAWL 78h-2 


Itens 18 Dec. 41 | 21 Jane 


ah 


Land, ete. 3 65,001! unchanged |$ 92,901 | unchanged | unchanged 


Buildings, 

etc. 2y7h2 5315 | 33,283,915 | 3,994,857 | 94,398,880 #5, 9485 5352 
Machinery, | | 

etc. 7 583,370 | unchanged | unchanged | 8,819,434 | unchanged 
Autos, etc. 21,545 5 unchanged I unchanged | 30,017 | unchanged 


TOTAL 10,422,231 | 10,953,831 ; 11,692, 83 |) 13 5341232 3 | 154275704 
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By dune 1943 the project was substantially complete, with $17,300 
square feet of floor space ab a total cost of £14,870,794 to the ppc.2° 
The original Emerson plan called for a capacity of 1,000 turrets of a 
single design, with all major assemblies subcontracted to one or more 
outside manufacturers, By March 1942 Emerson was producing 2,000 turrets 
nonthly, representing seven different designs, The original plan for an 
office staff of 300 employees and a factory roster of 2,200 employees 
had increased by March 1942 to nearly 2,000 and 5,500 employees, respectively.-— 
Ey the end of duly the ANB turret at Enerson had run upon some very 


definite snags, Of the estimated 750 drawings considered necessary to 


30. Memo, Brig. Gen. F. M. Hopkins, Jr., MM&D Resources Div, to USu, 
17 dune 1943, in AAG 004.03, For information in table, see DPC 
project 78A, App. A, Schedule IV, 28 April 1942, in ibid. Totals 
in table include itens not shown in detailed breakdom. 

31, Schedule 111, 7&4-3 project, ftn., pp. 2 ff., 27 March 1942, in 
ibid. 
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produce the ANB turret, only 554 had arrived from England, Symington, 
president of the new zrerson turret plant, complained that the perpetual 
flow of minor changes being entered on the British drawings to keep pace 
with combat developments delayed the Gmerson project intolerably. 

More important, perhaps, was that Emerson had run into production 
troubles with the magnesium castings necessary for the ANB, Shop practice 
in the United States proved notably inferior in this field to that pre- 
vailing in the United Kingdom, and Enerson was anxious to secure some 
British artisans as well as some special-purpose machinery, necessary 
despite the fact that one of the original reasons Boulton-Paul had been 
chosen over Frazer-Nash was that the latter required more special-purpose 
machinery in the course of manufacture than the former and threatened to 
be a machine-tool bottleneck if chosen for production in the United States. 
As late as September 1943 the War Production Board (PB, successor to CPH) 
was still negotiating with Enerson regarding an extension on the Emerson 
plant to include a magnesium foundry.?” 

By the middle of August 1941 still other troubles appeared to the 
detriment of Enerson production. Sixteen roller bearing manufacturers 
throughout the United States were canvassed as suitable bearing subcon- 
tractors, but not one of them was interested, While Zmerson invoked the 
aid of the OPM in the quest for ANG standard turret bearings, British 


engineers warned that Emerson's worries were just beginning, for the 


32. We S. Symingtm to Col. Grandison Gardner, 23 July 1941, in AAG 
473.5, Mounts. See also memo, Brig. Gen. F. Ml, Hopkins, Jr., 
Zé) Resources Div., to US, 10 Sep. 1943, in LAG 004.035. 
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really difficult problem of turret construction in the United Kingdom was 
the construction of 4 transparent canopy with adequate optical properties.”- 
Technological difficulties, furthermore, were only a part of Emerson's 
problen. By Novenber 1941 the ANB turret project was bogging dow with 
administrative difficulties as well. Emerson complained that three different 
agencies, the Experimental Engineering Section at ‘rivzht Field, the Tech- 
nical Subcommittee of the Joint Aircraft Committee, and the British Air 
Commission, were all sending letters of instructions relating to modifica~ 
tion detaiis on the ANB turret.?" 
A shipment of Boulton-Paul drawings to Emerson accidentally enclosed 
a letter from a Boulton-Paul draftsman to the Ministry of Aircraft Produc~ 
tion (MAP) advising the MAP to hold up production at Hnerson because 
certain accessories in the Boulton-Paul drawings sent to the United States 
had proved unsatisfactory in combat. This information had not been trans— 
mitted to the United States by the MAP, and Emerson wrote indignantly to 
the British Air Commission: a5 
It seems to us that someone was negligent in not cabling this 
information as we have been going right ahead...» » This work 
has been in process of actual manufacture by subcontractor, 
which means that we have a lotmore scrap losa than if we had 
been notified promptly. 
International coordination was proving to be a difficult and costly venture, 
If negotiations with the British proved troublesome, coordination with 


the Navy was equally difficult. In July 1941 the Chief of the Navy's Bureau 


33, Emerson to MD (WF), 11 Auge 1941, in Arm. Lab. file, Secret 
Correspondence, folder 2, L9hkis 

34. Emerson to WD (WF), 18 Nov, 1941, in AAG 473.5, Mounts. 

35. Emerson to BAC, 3 Dec, 1941, in ibid, 
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of Ordnance informed the Chief of the Air Corps that the Navy requirement 
for ANB turrets would amount to 4 total of approximately 759 units for 
use with the Martin PEM-1,, deliveries of which were to begin in April 
1943.7 From an initial plan scheduling over 6,500 turrets for all 
services, the total requirement had dropped to 759 for the Navy alone. 
The British and the Air Corps were no longer interested in the ANB. 

‘Shen the trend downward in ANB requirements became evident, Haerson 
began rapidly casting about for production to utilize the enormous 
potential capacity of the new plant. By September 1941 Hnerson was busy 
urging the OPM to route Ordnance tank turrets to the new facility, not 
alone to exploit the capacity available but also to maintain the existing 
organization. Outside promotion groups, Emerson claimed, were luring away 
subcontractorg to become prime contractora on Crdnance projects, ‘“Naturally," 
the president of Emerson pointed out, "such muddying takes the interest of 
our subcontractors off the main job at hands namely, furnishing Hnerson 
subassenblies.""* 

In December 19/1 Emerson reported that the new facility was down to 
17.5 per cent of capacity. Moreover, an important subcontractor, Servel, 
& gas refrigerator concern, was represented as ready to sever all ties 
with Emerson because up until that time all Emerson's work had been tool- 


room rather than production jobs, Consequently, Bnerson was anxious to 


line up production contracts with the Materiel Division.’ 


36. Chief, Navy Budrd to C/AC, 30 Sep, 1941, in Am. Lab. file, 
Correspondence, folder 3, 1941. 

37. ICM, Chief, Arm. Br. to Chief, PES, 24 Dec. 1941, in AAG 473.5, 
Mountse 

38. We S. Symington, Emerson to H. Re Boyer, OPil, 26 Sep.e 1941, in ibide 

39 Phone transcript, Wi. 5. Symington, Emerson and Maj. M. D. Burnside, 
MD (WF), 1 Dec. 1941, in Arm, Lab, file, Corraspondence, folder 3, 
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The Materiel Division was equally anxious to foster Emerson as a 
turret manufacturer. The cnief of the Production Engineering Section 
described Emerson as the first facility for that class of equipment 
treally honestly and conscientiously going into this subcontracting 
picture on the scale we'd like to see it done," iihen the Ford Motor 
Company sought a subcontractor for the tail turret on Ford~built Con- 
solidated Be24ts, Wright Field suggested that Ford utilize the excess 
Emerson capacity which had been established for the now unwanted ANB 
turret. 

Ford had hoped that the Materiel Division would designate the B-2h 
tail turret as government-furnished equipment (GFE), but the division, 
already overloaded with work, was only too glad to let the turret remain 
a part of the airplane contract as it had been originally, relieving 
the Armament Hranch at Wright Field of an additional and onerous 
responsibility. For this reason, as well as to prime the Energon capacity, 
the chief of the Production Engineering Section was more than willing to 
encourage Ford to build tail turrets at Snerson.” In August 1941, there- 
fore, Ford opened negotiations with the new turret facility, 

The imerson technique of arriving at an estimate on the Consolidated 
tail turret for Ford gives an enlightening side glance into Emerson's 
large~seale industrial cost-accounting methods, In the ANB there were 
approximately 1,600 parts, 1,000 processed by Emerson, 800 precured by 
purchase. Studies revealed that an average of 13 jigs, dies, or other 


tools were required for every part processed, or a total of 13,000 tools 


4O. Phone transcripts, 4. H, Witel, Ford and it. Col. K, B. Wolfe, 
Pi, 29 July 1941, in TSC 473.5, General. 
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whiecn cost an average of ,l00 per tool. This placed the cost of tooling 
the ANB at $1,300,000. On this basis 7,500 tools for the Consolidated 
turret machined to a finer degree of tolerance would cost an estimated 
$750,600, which Emerson offered ford on a take~it-or~leave-it basis. 

Emerson had tooled a turret and knew with the bitterness of experience 
that turrets were not run-of~theemill machine-tool jobs for mass produc~ 
tion. Symington, the president of Enerson's turret division, expressed 
the point tersely when he wrote to Ford: "Turrets may not be as hard to 
build as gun sights. But they are not as easy as sometimes thought. 

They have never been built in real production in this country 0 

Fmerson knew what Ford did not realize. Turret production throughout 
the development stage, which had not yet terminated, was a tooleroom jobs 
Ford informed fright Field that Emerson did not appear to be a satisfactory 
source, and Ford was determined to canvass the Detroit automotive concerns 
in search of a better price. 

When the Consolidated tail turret contract plan died out, the Produce 
tion Engineering Section chief asked if Emerson had ever considered the 
Sperry turret, Symington reported that the president of Sperry had 
mentioned Emerson favorably as a facility for Sperry units, iWhen a 
similar proposal was susggested for G,z. turrets, Symington hedged and 
sparred; for he was unwilling to commit Emerson to a subcontract policy, 
since his organization had its own group of subcontractors and an established 


"tassenbiy capacity." 


4le Emerson to Ford, 13 tug. 1941, in Arm. Lab, file, Secret 
Correspondence, folder 2, 1941. 

42, Phone transcript, A. He wibel, Ford and Lt. Col. Kk. Be Wolfe, 
PRS s LA Auge 1941, in ibid. 
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It became essential, however, to reach a decision shortly; for the 
original Emerson plant had a production capacity of 250 turrets a month, 
and the new turret division which would be completed in January 1942 
promised to increase that figure to a potential capacity of more than 
1,000 turrets a month. ven if Emerson had to foreswear the superior 
profits of prime-ccntract production work, the time drew near when it 
was absolutely necessary to utilize Emerson's capacity. 

Sperry asked Emerson to consider manufacturing 100 upper local 
turrets a month beginning in July 1942; and Emerson, once convinced of 
the necessity of accepting work on such a basis, entered wholeheartedly 
into the project, sending Sperry a 75-page list of Emerson machine tools 
to support the Symington claim that Hnerson stood among the "best Midwest 
machine tool plants," ‘hen the chief of the Armament Laboratory at 
fright Field suggested that a similar list be sent to G,E,, Symington 
reported that Emerson would build any turret steered in by Wright Field 
s0 long as volume production was assured. Of the three major concerns, 
Emerson would prefer G.E, first and Sperry second, Symington, however, 
was unwilling to touch Bendix turrets, which the British had condemieds*” 

After visiting the Sperry plant, Emerson moved the upper local 
turret schedule ahead from January 1942 to the production of 10 in 
August 1941 and 100 a month by the end of the year. With an optimism 
known only to salesmen, Symington informed ‘right Field that cnerson 
would welcome all the business of swamped turret manufacturers which the 


Materiel Division could route threugh St. Louis, 


43. Phone transcripts, W. 5. Symington, Emerson and Maj. F. Ul. wolfe, 
Arm. Lab., 12 Aug, 1941, in ibid. . 

44. iaerson to MD (uF), 12 Aug. 1941, et seqs, in Arm. Lab. file, 
lwachine Gun Mounts 1941. 
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The Materiel Division took Emerson at its word; and soon the Emerson 
facility was heavily engaged in Sperry contracts, building both upper and 
lower turrets ag a part of the production complex built up beneath the 
Sperry organization, As if the ANB project had been but an initiation, 
Emerson was soon in the very midst of a series of baffling coordination 
problems, Another of the Sperry subcontractors, the Steel Products 
Engineering Company of Springfield, Ohio, alsa built Sperry upper turretss 
and, to establish a smoothly functioning system of coordinating design 
and industriel methods, Emerson and Steel Products agreed to have 
representatives visit each other's plants on alernate weeks to press 
cooperation and standardization to the Limits ° 

fiven at its best, however, coordination was difficuit. When Steel 
Products engineers designed a new canopy or turret dome, the project had 
to be approved by Jripht Field, not directly but through channels——that 
is, through the prime contractor, Sperry—-before drawings for the improved 
design could be circulated from the point of’ origins” This cumbersome 
but necessary system was annoying even among amicable concerns, but between 
hostile competitors it became intolerable, 

Briggs lianufacturing Company at Detroit, another Sperry subcontractor, 
seemed, so Exerson believed, to be thwarting cmerson's development despite 
the fact that Briges, an automobile body concern, and Euerson, a manufacturer 
of electric motors, could in no sense be termed competitors in the peace- 
time market. Enerson charged Brigezs with obstruction in refusing ta 


reveal the list of Briggs subcontractors to Energon even in face of the 


45. Emerson to Steel Products, 23 Nov. 1941, in Arm. Lab. file, Secret 
Correspondence, folder 3, 1941. 
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fact that both concerns were straining to produce Sperry lower bail 
turrets fast enough to meet an ever more critical need, Moreover, 
Imersgon complained, the drawings which Sperry directed Briggs to send 
Emerson were "inadequate," calting for “unreasonable tolerances" for 
unmated parts. 

To judge from the record of the turret industry, as late as September 
1941 it seemed that holding the market was more important than cooperative 
production. When Emerson undertook the Sperry subcontracts, Sperry agreed 
to furnish controls, drive units, and fire interrupters, Vickers, Inc., 
the Detroit satellite of Sperry, was the sole source of all~essential 
Vickers units, ‘Yhen Emerson's turret production rate in conjunction with 
the other Sperry subcontractors brought the demand for Vickers units 
above Vickers! capacity to produce, Hmerson sought to produce Vickers 
units independently. 

When Vickers gave every impression of being unwilling to expand or 
to let Emerson attempt Vickers unit production, Symington threatened to 
make the unit anyway, patent or no patent, saying, “tell them to sue as 
far as I'm concerned"; but the Production Engineering Section at Virignt 
Field wisely sought to keep peace by making some sort of acceptable arrange=- 


ment to increase Vickers unit output 46 


Meanwhile, the Vickers unit became 
& critical production bottleneck, and the Materiel Division cast about 


for a substitute power drive, 


46. Thone transcript, . S. Symington, Emerson and Maj. M. D, Burnside, 
PES, 23 Sepe 1941, in ibid. 


This Page Declassified IAW EO12958 


AAFES-54 Pai S ih eB 175 


The futile search for standardization had ended in dismal failure, 
but the enormous expense of the Emerson facility was far from wasted, 
In that facility the Materiel Division secured the services of an 
ageressive, well-equipped, production-wise industrial organization just 
waen the accelerated upswing of aircraft deliveries made turrets in 


production quantities an absolute necessity, 
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Chapter IX 
POWER DRIVES, 1940-1942 


The Vickers unit bottleneck which threatened to cripple turret pro- 
duction down through May 1942 was but one of the Materiel Division's 
typical production problems, but for the Armament Laboratory it repre- 
sented one of the most critical elenents in the armament program, As 
far back as December 1939, when turrets were still largely in the draw 
ing board stage, the chief of the Armament Laboratory had inaugurated 
a search for suitable drive units to power the novel gun installations, 


Typical of the many concerns found in the canvass of potential 


~ sources was the L.A.B. Corporation of Sumit, N. J., a manufacturer 


primarily interested in the field of instruments and controls, After 
reviewing the Armament Laboratory's suggested ‘two gun installation," 
LeA.Be proposed two methods of turret drive, a constant-pressure pneu- 
matic system utilizing flowevalve speed conbrol and an AC electric motor 
generator regulating turret speeds wil.h « circuit for adding and sub- 
trecting impulse signals, The Materiel Division processed an Authority 
for Furchase for the modest sum of 34,300 to press development of the 
latter system, but the project never developed beyond an experimental 
model which suffered from such excessive dynamic lag as to be useless 


without extended development.” 


1. I.A.B. Corp. to UD (.F}, 4 Dec. 1939, in Arm. Lab, file, E.0. 
55j-Le122, See also L.A. Corp. to kD (VF), 22 Dec. 1939 and 
4 dan, 19h0; & for P 156520, 16 Jan. 1940; and Memo Rpt., DES, 
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The L.4.B, project was no more important than a number of other 
similar schemes, but it is worth mentioning because it lilustrates the 
type of exploratory procurement the Armament Laboratory was undertakings 
The most obvious lesson, perhaps, was that insufficient research funds, 
elther company or government, curbed the project just when it reached 
the point where it might have matured. Only slightly less obvious was 
the fact that a longer period of familiarization would undoubtedly have 
produced better results. is it turned out, by the time the L.A.E. 
experimental model reached the testing stage it had already been super- 
seded by more advanced designs of other competitors. 

The Bethlehen torque amplifier was another illustrative case, 
which demonstrated the necessity of long-range planning in procurement 
programs. In June 1940 J. P. Madden, holder of the Bethlehem Steel 
torque amplifier patents, offered his patents to the Air Corps for 
possible application in a turret drive. The amplifier had been developed 
in the late 1920's by Bethlehem Steel and dropped for want of funds, 
Slewens, holder of the German patent rights, applied the device in anti- 
aireraft gun controls for the German Army. 

Regardless of any potential merit in the torque amplifier, the offer 
was rejected at trright Field, where it was explained that experience had 
shown it to be wiser to consider turret units as a whole rather than to 
consider components thereof, ‘hen the patent holder protested that he 
was in no position to develop a complete turret unit, he was directed 
to negotiate with Martin, where a possible use for the amplifier might 
be found. Harbin, however, already under way with the amplidyne drive 


which was later to prove soa successful, brushed off the torque amplifier 
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with secant attention, and Madden went off complaining that “other govern- 
ments" could use wnat the United States ignored.” 

Aside from the possible value of the Bethlehem torque amplifier as 
a mechanical device, the incident is noteworthy in that it suggests the 
dangers inherent in a system which compelled the rejection of innovations 
once the process of design and development had reached a degree of 
perfection where it would no longer be profitable to consider major 
innovations. Quite chviously the Material Division could not throw its 
experimental program into reverse for each new item of apparatus appear- 
ing on the horizon, but the case suggested a certain utillty in exploring 
the drive field exhaustively during the impecunious period between wars 
to prevent the misfortune of being forced to reject a potentially signi-+- 
ficant device in the final stages of development when it would be too 
date to do otherwise. 

By December 1949 it became all too apparent to the Materiel Division 
that turret designs were chamelizing around two types of drives, the 
Vickers unit and the amplidyne. In an effort to break away from this 
threatening bottleneck, the chief of the Experimental Engineering Section 
sent out a series of exploratory letters to possible turret drive manu- 
facturers. Typical in this search was the case of the Submarine Signal 
Company in Boston. 

The Experimental Engineering Section wrote Submarine Signal explain- 
ing that division engineers had noticed the company's advertisement for 


a variable-speed lathe drive in the June 1940 issue of the trade journal, 


2e ds Fe Madden to C/aC, 5 June 1940, et seq., in ATSC 473.81. 
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Products Zngineering. The scetion elaborated on the problems involved 
in designing variable-speed turret drives, even to the point of specify- 
ing speed ranges and torque loadings, information which but a short time 
before would not have.been circulated without elaborate precautions to 
insure secrecy. This undue haste in revealing the whole problem in a 
preliminary letter was excused on the basis of the "urgency making it 
necessary that the work be gotten under way as soon as possible," 

The Submarine Signal reply led to a conference with right Field 
representatives where the speed control, designed for use with a Rivett 
lathe, was described us an electric motor actuated by current impulses 
triggered by thyratron tubes. Speed variations were determined by the 
grid voltage of the thyratron, which in turn was affected by the motor's 
back electromotive force, The device seemed to hold some promise despite 
the fact that it was designed to overate on an AC systen, To be sure, 
the apparatus in its existing form was too heavy for aireraft use; but 
the fundamental theory of operation, not unlike the Lorfeuvre patent of 
1938 in the United Kingdom, gave promise for the future » especially if 
aircraft were likely to go over to AC electric systems." 

Unfortunately, in April 1941 there were no hydraulic turret drives 
available at Wright Field to use as a basis of comparison with the 
Submarine Signal system, and so the chief of the Armament Laboratory 
directed the conpany to negotiate directly with Bendix, at that time 
searching for a satisfactory power drive, Bendix procured a sample 


eS ee PTE i ke ase pyr icles 


3+ Chief, EES to Submarine Signal (o., 5 Dec. 1940, in Arm, Lab. file, 
WoO, 553-1343. 

4, United Kinedom Fatent 492,325, 28 March 1933, for Lorfeuvre 
"thyratron" type control; Chief, PIS to Bendix, 31 March 1941, in 
APue Lab, file, Machine Gun Mounts, 1941. 
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Submarine Signal systen, and as late as October 1941 reports to the 
Wateriel Division indicated that an exnerimental system had been in- 
stalled for trial, The project never developed beyond that stage, in 

all probability because of the weight and space complications attendant 
upon the necessity of installing an AC~DO converter.” 

The case of the Submarine Gignal drive is renresentative of the 
method of procurement employed by the Materiel Division in its search 
for a substitute drive. The Armament Laboratory's limitations in testing 
facilities and personnel were never more apparent. The discrepancies 
between existing 24-volt DC aircraft electrical systems and the Submarine 
Signal device probably accounted for the fact that nothing ever came of 
the drive.” 

The drive search in December 1940 turned up another potential source, 
Lear aviay/it Vandalia, Chie. This manufacturer optimistically promised 
a drive in 60 or 90 days, a drive capable of speed ranges from 1/8° to 45° 
per second with accelerations up to 45” per second per second! and control 
handle movement spread eccentrically over the deflection range to give an 
"ideal" control curve. The Materiel Division in April 1941, approved a 


43,000 contract for on experimental installation, 


5e Memo Rpt. by G. T. Bixby, 13 Oct. 1941, in ibid. 

6 The episode raises an interesting problem. Since the shortage of 
personnel and equipment prevented any conclusive testing of the 
apparatus at Wright Field, it was turned over to Bendix. Does that 
mark the end of Armament Laboratory interest? Is there any division 
record of the apparatus and an evaluation of its worth for possible 
future reference? Jf military aircraft showid ab some future time 
switch over to AC electrical systems, the thyratron control might 
possibly prove to be of considerable utility. This particular idea 
ma, be sufficientiy familiar to insure consideration if eventually 
needed, but is this true of every idea rejected by immediate require~ 
ments? 

7. "Per second per second" refers to acceleration, while "per second" 
refers to speed; that is, to a variable rate-time ratio and a constant 
rate-time ratio, respectively. 
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The Lear drive principle was essentially simple. It consisted of 
two parallel electric motors controlled by the same potentiometer. The 
motor drive shafts fed rates into a differential with a reversible out— 
put shaft pinioned from the gear assembly. Potentiometer deflections 
gave a wide range of speed variations. However, the task of perfecting 
the simple principle to the point where it would satisfy the rigid re= 
quirements of a turret drive proved extremely more difficult than had 
been at first expected.® In April 1942 the Contract Section at Wright 
Field requested sone form of results at the threat of terminating the 
contract. By July 1942 Lear reported that the "pressure of other work'! 
had induced the company to abandon all efforts to perfect the drives’ 
This case illustrates pointedly the difficulties facing the Armament 
Laboratory. As in the case of the Submarine Signal drive, the Lear Avia 
device dwindled down to an inconclusive end at the hands of a manufacturer; 
and the Armament Laboratory had no record of the trials, the errors, the 
mistakes, and the innovations which the Lear differential drive evolved. 
The real value of the $3,000 research contract died when the accumulated 
experience of the project failed to reach the Armament Laboratory for 
future reference, Regardless of the necessities of economy and the 
limitations of personnel that forced the Materiel Division to farm out 
much of its experimental work to manufacturers, a system and procedure 
were necessary for extracting cvery last possible clement of experience 


from the manufacturer's research for the benefit of the division. 


& Lear Avia to MD (iF), 20 Dec. 1940, in Arm. Lab. file, H.0. 553-1-343. 
See also Contract 1535 ac 18567, 15 April 1941. 

9. Contract Sec, to Lear Avia, 23 April 1942, and Lear Avia to ED (iF), 
2 July 1942, in ibid. 
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The "pressure of the work" purportedly induced Lear Avia to neglect 
the experimental drive contract, 4A question arises as to how many 
potentially important ideas of the kind have been lost to the Materiel 
Bivision through a similar neglect, Although in wartime the manufacturer 
has a seller's market and can afford to neglect some lines of development 
for other more profitable items, this situation probably does not prevail 
in peacetime, It nculd seem that the arument Laboratory would get 
substantially wore for its money if it could begin exploratory contracts 
such as the Lear Avie 3,000 exseriment at a time when the sum would 
loo, sufficiently larre to lure manufacturers into pushing research 
projects toward the point of fruitful conciusion. The Bethlehem torque 
amplifier, the Lear differential, and a half dozen other such ideas 
illustrate vividly the conclusion that components arriving after the 
production period begins heve but slight chance of survival, 

Quite obviously, then, the time for research came long before the 
moment of production; and if the lack of funds made it impossible to enter 
into actual experimental contracts on any large scale, there should have 
been little to hinder an over-all survey, with the resuitant lining up 
of potential components such as drive units, 

The disparity between armament installations in Europe and the 
United States at the outbreak of the second Yorld iar led the chief of 
the Experimental Engineering Section to appreciate the need for an improved 
system of evaluating attachd and other technical intelligence reportse 
Even apart from this consideration, which affected the entire division, 
the belated search of December 1940 for a turret power drive suggests 
that there might have been substantial utility in some plan of systematic 


search through the technical literature of tne day. 
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‘Khen the Vickers unit bottleneck threatened to reach destructive 
proportions in the early months of 1941, the Armanent Laboratory might 
possibly have had an emergency measure avaliable if some survey of the 
technical literature had been maintained, This conclusion may be 
illustrated by an example. As far back as 1938 both the British aircraft 
nagazine Aeroplane and the trade publication Engineering had carried 
articles on an ingenicus hydraulic moter for aircraft use produced by 
the machine-too] firm R.A.D., Ltd., of Sidup, Kent.*° Throughout the 
period during which the chief of the Experimental Engineering Secbion 
conducted his frantic search for a Vickers substitute, the H.4.D. drive 
was readily available; but information concerning it did not reach the 
Vateriel Division until, 4t was sent in by a military attache in February 
ig tt 

The Vickers unit bottleneck, which resulted in the necessity of 
revising turret delivery schedules downward, was the product of several 
factors: the intrinsic difficulty of machining the unit, Vickerst initial 
unwillingness to expand, and the problems involved in finding a capable 
subcontractor. The following chart of scheduled deliveries indicates 


the nature of the botbleneck.~~ 


10, This information made available at Wright Field, in "Description 
of RAD. cannon turret and comparison with & 1°71 turret," by 0.5. 
Military Attaché for Lir, England, Report No, 40897, 9 Feb. 1941, 
in UP Lib., D72.21/11. 

ll. 4 careful re-check of ATSC files reveals no indication that the 
R.A.D. drive was know to wright Field before the attaché report 
of February 1941 was received, 

12, Sperry to MD (4F), 3 Feb. 1941, in PES Arm. Unit file, Turrets, 
Sperry, General to 1941. 
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LAL Local Turrets Viekers Units 
30 March 6 1 
15 April 0 5 
30 April 12 ) 
30 June 25 10 
30 July £0 20 
30 Auge 40 30 
30 Sepe 40 40 
30 Oct. LO 40 
30 Nove Ae) LO 
30 Dec, 40 40 


By the fall of 1941 the Vickers wit shortage promised to become so 
critical that the Production Engineering Section of the Materiel Division 
focused attention on the Vickers plant in an effort to break the bottle~ 
necks 

Vickers complained that at least part of the delay in reaching pro=- 
duction grew out of the fact that the several members of the Sperry 
complex--Briggs, Exnerson, and Steel Products--had expressed their intentions 
of using Vickers units, but no formal orders had been placed. Because of 
this, Vickers subcontractors, wary of the potential losses awaiting 
the manufacturer who made commitments in advance of contracts, were un- 
willing to produce component parts.?? The Production Engineering Section 
(PES) undertook to speed the approval of formal contracts to unleash the 
productive capacity of Vickerst subcontractors, but discovered a new 
hurdle in the process, 

Several of the manufacturers using Vickers units were found to be 
accumulating units in stock far in excess of their actual production 


requirements, so PES evolved a rigid plan of inventory control to prevent 


13. Phone transcript, Mir. McCabe, Vickers,and Maj. M. D, Burnside, PES, 
10 Nov. 1941, in Arm. Lab. file, Machine Gun Mounts, 1941, 
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an artificial internal bettieneck, A system of serial numbers on each 
unit manufactured made it possible to prevent excess stocks from piling 
up "on the shelf" at the various assembly facilities,” 

\ihen the Ordnance Department recuested permission to divert a portion 
of Vickers unit output to ground turrets for the Coast Artillery and 
Armored Force, it became evident to PES that no time couwid be lost in 
expanding Vickers! capacity. ? After an extensive OP survey of facilities 
capable of machining the close tolerance of the Vickers unit, the Hobart 
Manufacturing Conpany of Troy, Ohio, makers of food=preparing machinery, 
was selected to increase VYickers' capacity, Delco Remy of Dayton, Ghio, 
had beeri considered, bub with some justice Vickers was unwilling to turn 
over a choice iten to a potentially serious competitor in the same market. 
Hobart, however, was sufficiently snecialized not to offer a threat in 
the future. ° 

Repeated rejections of Vickers units because of "creep," that is, 
slight leakares civins rotation when the controls are theoretically at 
neutral, forced the Lxperimental Engineering Section to revise the 
specifications for Vickers units to permit inspectors to pass units with 
creep up to 1/n° per second becéuse it had been found impossible to 
achieve 0° per second creep under "allowable existing manufacturing 


tolerances.!""! The struggle to maintain the margin of allowable tolerances 


14, Pas to Sperry, Eriggs, Emerson, and Steel Products, 26 Dec, 1941, 
and PLS to Vickers, 22 Dec. 1941, in ibid. 

15, Ghief, Arn, See, (iash.) to PO3, wF, 23 Dee. 1941, in ibid, 

16, Phone transeript, Lt, Col, KE. 8, wolfe, PES and Warren Clazk, OPM, 
2 Sep. 1941, in AT6C 473.5, General, See elso PES to Vickers, 
19 Jan. 1942, in Arm. Lab, file, £0, 553-1-373, 

17. Lemo Ept., EES, 10 Dec. 1942, in Arm. Lab, file, 2,0. 553~-1-343. 
See also ION, Chief’, FLS to Chief, EES, 28 Oct. 1942, in ibid, 
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within a reasonably minimal figure graphically illustrates the heart of 
the difficulties enccuntered by the Froduction Engineering Section and 
OPM in the quest for a facility capable of enlarging the Vickers unit 
outpub.s 
4s late as May 1942 the Production Engineering Section warned the 
Experimental Engineering Section that despite the increased output of 
Vickers and Hobart, the Vickers unit production cutlook was "not too 
bright" and recommended that a substitute drive be found, saying, ‘This 
variable displacement pump is considered to be the most diffieult piers 
of equinuent to manufacture of the entire armament series; indeed it 
has proven impossible to find a manufacturing source to augment the two 
existing sources," 
At the Armament Laboratory this discouraging shortage was all tao 
obvious, although in the spring of 1942 there was a general impression 
that among the several turret manufacturing companies some solution to 
the problem would appear, Before examining the products of the individual 
manufacturers in detail, it is well to follow the laboratory's record of . 
the search for a substitute drive down to the time when production problems 
were no longer critical in the United states.-® 
Tn March 1941 the Armament Laboratory made a survey of the existing 
electric drive projects to plan a campaign of future developments. The 
report of the survey reached the conclusion that varying resiatance 
controls in series with drive motor amature circuits were useless because 


they gave inherently poor speed control at varying loads. The Tucker 


18 ICM, Chief, PE3 to Chief, EHS, 21 May 1942, and 1st ind,, 285 to 
PES, 29 May 1942, in ibid, 
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drive typified this control, Variable resistance in drive motor field 
circuits gave too narrow 4 control range. Amplidyne control was con- 
sidered excellent but carried with ib a severe weight penalty. The DG 
pulsating controls, typified by the Sendix drive, stalled at slow speeds 
and showed a tendency to arc excessively. The AC systems involving a 
rectifier and electronic grid control, typified by the Submarine Signal 
drive, had a severe weight penalty but gave promise of proving to be a 
simple, accurate control when perfected. Finally, the torque amplifier, 
typified by the Bethlehem patent device, was not sufficiently developed 
to evaluate properly. 

The survey report recommended auplidyne for the present, with con- 
tinued investigation of pulsation, torque amplifier, and rectified AG 
electron control systems for future consideration. Furthermore, it was 
recommended that manufacturerzof fering novel drive systems should accompany 
their propesais with test data to substantiate their claims regarding speed 
variations and load capacity, to give the Armament Laboratory some means 
for making immediate appraisals and for sorbing the probables from the 
impossibles to avoid wasting the time of valuable personnel in final 
tests. 

Just after the electric drive survey had been completed, a request 
for information regarding metadyne drives reached the Armanent Laboratory 
from the Naval Aircraft Factory in Fhiladelphia. Back in 1938 and 1939, 
there had been a considerable exchange of information on electric drives, 


but the Navy's resurrection of the long-dead metadyne indicated a low 


19. Lemo Rpt., EBS, 10 March 19413 and liemo Hpt., EES, 29 Harch 1941, 
in ibid, 
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level of coordination between the two services.”° But even though 
inter-service liaison was poor, the Materiel Division continued its 
ageressive drive search throughout the industrial field, 

The Sxperimental Sngineering Section addressed letters similar to 
the one sent Submarine Signal to a number of other manufacturing concerns, 
with diverse results, 4 query to the Brigss & Stratton Corporation at 
Milwaukee revealed that that concern had sold its speed control business 
to the Graham Manufacturing Company at Frovidence, &. I., who in turn 
reported that the Graham speed control unit weighed over 200 pounds and 
had @ life rating of approximately 50 hours, which made the apparatus 
entirely unsuited to aircraft uses” 

Begotiations with the Gurklyn Corporation at Los Angeles, Calife, 
for a transmission gear drive cane to an end when it was discovered that 
the Burklyn drive required an exertion of some 20 pounds by the operator." 
& similar proposition to General Motor's New Departure Division at Bristol, 
Conne, brought the information that the New Depsrture variable speed con- 
trol, "Iransitorg"”, had been discontinued in 1938 and would not warrant 
special manufecture for aircraft use because it was critical with regard 
to lubrication.” 

But not all the Materiel Division's efforts in searching for a drive 


unit ended in rejection. An initial query in February 1941 aroused the 


20, Manager, Navel direraft Factory to General Inspector Naval Aircraft, 
(iE), in Arm, Lac. file, E.0. 554-1-123. 

al. Mu (uF) to Graham Mfp, Coz, 17 Feb. 1941, in Arm. Lab. file, 3,0, 
553~1-3435 LD (WF) to Briggs & Stratton, 12 March 1941, 13 March 
i941; and Graham to MD (UF), 29 March 1941, in ibid, 

22- MD (4F) to Burklyn Corp., 2 Varch 1942, eb seq., in ibid. 

23. MD (WF) to New Departure, 17 Feb. 1941, et seg., in ibid, 
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interest of the Master Electric Coupany of Dayton, Ohio, in turret drives, 
and the company's engineers set to work designing a suitable installation. 
By November little or no prosress had been made in perfecting a drive. 
The Materiel Division directed Master to cooperate with therson in pro= 
viding a substitute drive in time for the anticipated peak production 
of the St. Louis plant, but the Laster design was so rudimentary and 
development progress so slow that Emerson predicted that the Naster drive 
could not be ready for months.“ 
The Master engineers were confident that their drive represented a 
step in the rivht direction toward a solution of the difficult turret 
power problem: "We are so firmly of the belief that our drive has out- 
standing advantages from a tactical standpoint that we propose to do all 
the necessary work at our own expense ahd without imposing any obligation 
on the Government whatsoever." Five months later this confidence was gone. 
All efforts to perfect the Master drive left the device with controls too 
staff under load and with unbalanced torques on change of rotation. ‘The 
Master engineers confessed a lack of engineering ability, and noted that 
the press of other war work had seriously hindered the process of develop— 
ment, An amusing sidelight on its engineering ability appeared in a 
request from the firm for help from ent Field to put together a turret 
2 


borrowed for experimental purposes. 


2h. MD (WF) to Master Electric, 17 Feb. 1941; and Emerson to Master 
Electric, 21 Yov. 1941, in ibid. See also smerson to MD (.F), 
29 Nov. 1941, in Arm. Br. file, Confidential Correspondence, folder 
3, 1941. 

25. Master Electric to 10 (iF), 19 Nov. 1941; amd Master Electric to 
MD (WF), 23 March 1942, in ATSC 473.5, General, 
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There were some, however, who had great faith in the Master drive 
principle; and in June 1942, after the “laster engineers had abandoned 
the project, a new group, the American Aircraft Associates of Dayton, 
Ohio, proposed to carry on the task of development, This new manufacturer 
was "firmly convinced that the mechanical traction type variable speed 
drive" offered "distinct advantages over existing drives," and, like the 
original desimmers, expressed this confidence in writing to the Materiel 
Center: "Beceuse of a fervent belief that it would be a serious loss 
to the Arny Air Forces if this development were allowed to lie dormant, 
we are willing to undertake the job of carrying on the development work 
until a satisfactory conclusion is reached." To this end the services 
of Hans Heynau, the inventor of the principles involved in the Master 
variable-speed drive, were acauired for Aircraft Associates. 

&pparently the Materiel Center approved of the manufacturer's 
enthusiasm, for in August 1942 an futhority for Purchase authorized an 
expenditure of 76,955 to perfect a drive to be interchangeable with the 
Vickers unit of a Srerry upper turret. The manufacturer set to work 
evolving a suitable design, but not until December 1943 was a demonstra= 
tion installation ready for test .”° 

Aireraft Associates claimed many advantages for the improved Master 
drive. It was 15 pounds lighter than the Vickers installation; it was 
not infivenced by tenperature changes; and, in contrast to the Vickers 


vergion, it required only 22 amps current at neutral and 36 amps at full 


26, American Aircraft Associates to ND (iF), 2 June 1942, in Arm, Lab. 
file, E.0, 553-1-474; see also A for P No. 181644, 4 Aus. 1942. 
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joad in contrast to Vickers requirements of 37 and 48, respectively. 
Furthermore, the differentisl drive was reported to heve: a positive 
neutral, that is, no creep; no dead spots on the controls; no critical 
adjustments; anu a speed spread approaching the ideal, with one-half 

the control displacement giving one-third the total speed, The entire 
unit was so constructed as to be easily interchangeable with the Vickers 
installation in the fieid, and tne manufacturer estimated a cost of 
~500 per unit, as ageinst Vickers! 21,40). 

Arnement Laboratory tests found the drive acceptable, and the 
manufacturer reported that it would be possible to produce up to 4,000 
drive units per month after a four-month tooling period. But in January 
1944, when the laboratory report was submitted, tne Vickers unit bottle- 
neck had already been broken and the urgent requirement for a substitute 
drive no longer réesained. The Aireraft Associatest drive died without 
issue,”! 

Nevertheless, back in June 1942 the srmament Laboratory still had 
dire need of 4 substitute for the hard-to-manufacture Vickers hydraulic 
drive vhen the “xperimental Engineering Section dispatched the usual 
query to Graham Transmissions, Inc., at Iiilwaukee, iis, After a design 
conference with wright Field engineers, Graham presented tentative 
drawings for a drive unit to be delivered in 90 days at an estimated 
cost of £17,000, This drive consisted of two separate transmissions 
Linked to a common Diehl electric—drive motor, to be installed in a steel 
Products upper local Sperry turret in place of the two Vickers units 


usually employed, 


27. Aircraft Associates to ED (uF), 3 Jan. 1944, eb segs, in Are Labe 
file, B.0. 552-1-A7h. 
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From its very inception the Graham drive wis designed with an eye 
toward future production. Simplicity of principle and ease of quantity 
manufacture were cardinal points in the decision to push its development 
as an alternate to existing drive systems. Essentially the Graham drive 
consisted of two mechanical, variable-speed friction drives, one for 
azimuth, one for elevation. Infinite speed variations were obtained by 
means of tapered rollers in contact with rotating external ring gears, 
Tne gears operated in an oil-filled housing, and hydraulic servo pro- 
vided the force necessary to move the ring along the tapered rollers. 

Tn March 1943 Graham had not yet produced a satisfactory drive 
despite the 90-day promise. In April the manufacturer reported that 
costs, excluding profit and the allowable 10 per cent overhead, had 
reached $22,000, and that the drive still required reworking before it 
could be presented for testing at Wright riela. © 

‘shen at last an acceptable experimental model had been fabricated, 
tests proved disheartening. The neutral no-load current drain amounted 
to 70 amps, twice the consumption of a Sperry turret with Vickers drives. 
The hand controls linked to Graham drives required more than the usual 
anount of effort for Lracking and gave withal a coarse control. The 
gear system was noisy, and after 39 minutes of operation heated to the 
smoking point. 

A final Engineering Division report in February 1944 pointed out 
that the Craham drive was unsatisfactory in its existing state of develop~ 
ment; that the project was initiated during a critical shortage of Vickers 


units; that that shortage no longer existed; and that, therefore, there 


23. 26S to Greham, 10 June 1942, in Arm, Lab. file, E.0. 553-1-3433 
Graham to MD (WF), 22 June 1942, in Arm. Lab. file, E.0. 553-1~472. 
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was no need to carry the project further, However, the report fore- 
sightedly conciuded that the "Graham power unit should be given more 
extensive performance tests to obtain information on this type of drive 
for future reference."“? 

The Suomarine Signal drive, the Bethlehem torque converter, and 
the Graham and the Master drives are but ¢ few representative cases 
selected from a large number of projects initiated by the Materiel 
Division in the search for drive substitutes. They are of interest 
less for their specific technological merit than as significant case 
studies pointing up the problems involved in organizing the Armament 
Laboratory at Wrisht Field to handle efficiently the difficult problems 


of armament aevelopments 


29. Nemo Rpt., img. Div., 17 Feb. 1944, in Arm. lab. file, E.0. 
553-1-L 72. 
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Chapter 4 
FOWER TORRET DEVELOPMENT: SECCHD INDUSTSIAL PHAS#, 1941-1942 


Sperry Gyroscepe Company 
In December 19,0 Snerry undertook production contracts for the 


upper local and lower remote turrets which had been evolved in the 
previous 12 months, It was apparent from the very beginning that 
Sperry fucilities would never provide the capacity necessary to fulfill 
the requirements anticipated by the Materiel Division, and the Produc~ 
tion Engineering ceetion (Fud) urged Sperry to line up suitable sub- 
contractors, After a number of weeks in which various subcontractors 
were considered and found wanting in sore respect, Fis forced the 

issue and selected Emerson to build turrets in conjunction with Sperryts 
two choices, Brirgs and Steel Products Macineering. 

The vital imortance of getting Sperry designs into preduction was 
forcefully illustrated when the chief of FS said he was "going to get 
Sperry products if we have to go out and make prime contracts ourselves 
to a thousand different subcontractors." However conplimentary this 
may have been to the cuality of Sperry designs, it gave cold comfort 
to a manufacturer who saw more than five years of experimental effort 
going out to future competitors. Nevertheless, the urgency of aircraft 
srmament requirements precipitated the decision to let subcontractors 


l 
handle turret production, while Sperry retained the auto=pilot project. 


1. Phone transeript, Lt. Col. EK. B. wolfe, Piss and Lt. Col. Grandison 
Gardner, OCAC, 25 Sep. 19h1, in ATSC 473.5, General, 
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Lespite the intention to subcontract turrets, not all of the business 
left Sperry's hands, In February 1941 Steel Products had finished six 
upper local and six lower remotes, but neither type of turret was entirely 
a Steel Products project. The computing sight unit built and assembled 
by Sperry went directly to the Boeing plant for installation in completed 
B+l7 airplanes. The Sperry plant also built the fire cut-out or inter- 
rupter unit which was shipped to Springfield for assembly in the Steel 
Products turret. Furthermore, the power drive system, consisting of a 
pair of Vickers units, was manufactured in Detroit and sent to Steel 
Froducts for final assembly, ‘The composite turret assembly was then 
shipped to Boeing where a Sperry representative performed the final 
critical adjustments after installation. 

The upper Local turret cost “7,165 per unit, the lower remote, 
$11,275, as contrasted with an estimated 77,185 for the lower ball when 
it eventually should come into productions” The computing sight in the 
vpper turret accounted for $2,250 of the cost, and the controls, $1,335. 
The conbrals for the lower remote represented 31,855, but the more 
conplicated sighting station and computer came to 5), 56967 

The original sperry upper local experimental project, a turret of 
welded steel tubing framework construction with fabric belt feed and 
ammunition containers below the revolving platform,: gave way to a produc~ 
tion version of cast metal framework, ammunition boxes directly below 


twin .40ts without boosters, and disintegrating link rather than fabric 


2. Sperry to 1D (HP), 25 Feb. 1941, in Arm, Lab. file, E.0, 554-1~141. 
3, Sperry to LD (WF}, 6 May 1941, in PES Ara, Unit file, Turrets, 
Sperry, General te i941. 


MEST irae 


L 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


LAPHS-5h sper Thea, 196 


anmunition belts. By March 1941 the upper Local had been tested suffi- 
cLently at wright Field to release quentity production. 

The Sperry hand controls in tae production version were modeled 
after the Frazer-Nesh syatem," The engineers at Steel Products, however, 
devoted a considerable period of time in perfecting the controls to 
British standards. Like ell other manufacturers, Steel Products negiected 
to desirn hand controls with a "knife edge neutral" until the Chief of the 
Armament Leboratory pointed out that a smooth transition from left or 
right deflection pest neutral while tracking was more important than 
absolute neutral, or no creep.” : 

The initial Steel Products production models revealed the usual 
assortment of turret problems: faulty link ejection chutes, malfunction- 
ing case ejection at high angles of elevation, fouling charging cables 
at high angles of elevation, and excessive ammunition drag causing poor 
feedings” All of these problems, and many others like them, inevitably 
accompanied a new design. As engineering probleds, they are incidental; 
but they are important in illustrating the complexity of the liaison 
problems involved in coordinating the Sperry industrial combination with 
service requirements. 

The Steel Prooucts turret contract did not incorporate eli the best 
Sperry desicn features as initially conceived, because the Production 
Ungineering Section considered ib expedient to facilitate quantity 
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he Tak, ESS GH) to Arm. Sec, (Wash.}, 23 Dec. 1940, in rm, Lab, file, 
LO 555—16550. 

5. Phone transeript, H. Bostwick, Sperry and Maj. F. 6. .olfe, Arm. 
Labe, may iii, in AX. Lab, file, GeO. 55h—lelil. 

6, Memo Bpt., EuJdy 2 dune 1941, in ibid. 
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production by permitting certain performance deficiencies. As a con~ 
sequence of this tolerance, the Materiel Division specifically instructed 
Steel Products to "pursue a policy of change with unabated production.” 
The manufacturer wis to investigate desien improvements which could be 
evaluated by the Materiel Division. Improvements accepted by the 
division would be sbandardized and coordineted for all interested 
fucilities, ’ 

The previcusly mentioned turret done case illustrates this process, 

In line with the Lateriel Division's policy of design improvement, Steel 
Products eapineers perfected a paneled plexiglas dome with cast aluminum 
ribs, To secure approval, the design had to be routed from the sub- 
contractor, Steel Products, to the prime contractor, Sperry, and thence 
to the Materiel Division for approval before being circulated to the 
other manufacturers of Sperry turrets. Superficially the route seaned 
overly involved; but insistance upon channels insured a higher degree 

of standardization and interchangeability, which was later to pay 
substantial dividends. 

If the coordination of subcontractors cast a burden of unusual 
responsibility upon the Lateriel Division, the mere fact that subcontracts 
frequently were filled by facilities utterly lacking in aircraft manufactur~ 
ing experience created a new and serious problem. The case of the Steel 
Products dome or canopy illustrates this problem, The original Steel 
Products doce design submitted to the Materiel Division specified squere~ 


edge panel ribs. In passing approval on the drawings, division engineers 


7. Chief, PES to Steel Froducts, 13 Nov. 1941, in Arm. Lab. file, 
Machine Gun Mounts 1941. 
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pointed out that the design would be substantially improved if the rib 
edges were rounded to avoid unnecessary turbulence and drage® The point 
is comparatively minor, but it represents the difficulties facing the 
liateriel Division in every steno of the production expansion program. 

Hot only was it necessary to coordinate the work of numerous competitive 
industries quite unaccustomed to pulling togethers; but the division 

found itself involved in the difficult task of familiarizing industrial 
engineers with the fundamental elements of aircraft design and construc~ 
tion requirements, even while embarking on an ever accelerating production 
program, 

In view of the extensive difficulties encountered in organizational 
control, coordination, and contractual relations with subcontractors, it 
is perhaps surprising that production figures achieved the levels they 
did. In December 1941, approximately a year after the Sperry contract 
was approved, Steel Products had delivered 91 lower remote and 111 upper 
local turrets.” 

The evolution of the Sperry upper local turret from December 1941 
onward became comparatively little more than a process of detailed 
engineering improvement, For all practical purposes, quantity production 
accelerated rapidly and design changes confined themselves to such 
modifications as could be accomplished without serious disruption to 
delivery. 

The primary Sperry consideration, so far as upper local turrets 


were concerned, centered in the inescapable problem of coordination. In 


8, emo Rpte, 055, 19 April 1941, in Arm Lab, file, E.O. 554-1-1Al, 
9, Steel Products to ND Gif), 12 Bec, L9A1l, in Arm, Lab. file, Machine 


Gun Mounts 1941. 
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the middle of 1942, Sperry protested that steel Products modifications 
and 'Misprovenents!! were seriously compromising the efficiency of the 
aperry coluputing sight. To prevent such misdirected efforts, Sperry 
proposed to place an engineer permanently in the Steel Products plant 
to insure a high degree of liaison between the separate manufacturing 


10 Apparently the Lateriel Uivision's insistence on 


organivations. 
routing wll changes through the prime contractor only proved that a 
system of coordination by mail could never effectually replace over= 
the-counter negotiation and liaisoa, 

A cursory glance at some of the design probleus encountered in per- 
fecting the Sperry upper local turret will suffice to illustrate the 
intricacies of coordination facing all turret manufacturers. Combat 
panniers protested against the scanning Liuitations duposed by the heavy 
ribs in the Steel Products dome. Steel Products devised a single-psnel, 
curved-plexiglas, forward-sighting section, but it was then that sperry 
Claimed the nodifiestion was detrimental to the accuracy of the computing 
sight. wperry engineers reported that the curved sivating punel resulted 
in refraction errors "unduly larre and undesirable primarily because the 
advantuge of uslng @ computing sipht is aluost completely milified," 

To overcoue this weakness and sabisfy both parties, the plexigkus sene- 
facturers, ohm & Haus, undertook to desien a punel of vurying thicknesses 


te reduce refraction errors to insicnificunt quantities. 


10, thief, Pus to Steel Froducts, 22 sug. 1y42, in arm. Lab, file, 
BO, 553-1-396. See also Chief, bis to Drives, 10 Nov. Iykl, in 
arm, Lab, file, Lachine Gun “founts 1941; and thief, Fas to srivzs, 
22 hug. 1942, in iro. Lub. file, 0.0, 553-1-373. 

lie Leno kpt., is, 6 April 1942, in irm. Lab, file, 0.0. 554-1-141. 
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Another less vexing but equally significant problem concerned 
booster systems. chen Sperry abandoned the fabric belt feed, no servo~ 
mechanism was installed to replace it. ‘“hen the excessive gravitabional 
loads of combat accelerations made recoil feed insufficient, a number of 
innovations, including feed chute rollers and "constant level" aruunition 
boxes, were utilised to avoid recourse to the conventional sprocket 
systen employed in Martin designse Cniy by trial and error was it 
possible to attain a continual and positive evolution in desiptis 

Among the more interesting design problems were those surrounding 
the evolution of the Sperry fire cut-out or gun interrupter device, an 
ingenious profile cam which rotated in constant orientation witn turret 
movenent to provide positive firing circuit interruption whenever the 
guns threatened to fire into an area essential to flight. Unfortunately 
the Sperry engineers who designed the device had never suffered aerial 
attack from eneny pursuits, and both guns cut out simultaneously, thus 
depriving the turret of a large element of fire power in the marginal 
area at either extremity of a restricted sone, 

No sooner had the operational units begun to recuest individual gun 
interruption than another problem appeared. Successive models of B-17 
airplanes had slishtly different characteristics in structure and in 
attitudes of flight. Each turret installed remuired a profile cam 
especially suited to the particular model of aircraft involved. Only 
by the most careful coordination between Sperry, Boeing, the Materiel 
Division, and the Sperry subcontractors was it possible to avoid disastrous 


13 


wistakes with improperly designed fire cut-out cams, 


12, emo 8pt., EOS, 4 dune 1942, in Arm. Lab. file, B.0, 553-1-396, 
13. CGhief, P53 to Boeing, 21 March 1942, in Aru. Lab. file, £.0,. 
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Perhaps the nost intricate technical problem pertaining to fire 
cut-out mechanisms grew out of reported failures anpearing when the 
turret was slewed into a restricted zone at high speed. The period 
elapsing between the time when the interrupter cam opened the circuit 
and the time when tne last—fired projectile actually left the gun was 
of sufficient magnitude to nullify the protective feature of the cute 
out. To overcome this desien weakness, Sperry engineers seb out bo 
construct a differential which would advance tle interrupter cam in 
proportion with increasing turret speeds to provide an adequate margin 
of protection against gunfire damage in vital areas resulting from 
firing while slewing. 

Individual interruption, dome refraction, and ammunition hooster 
difficulties are but a representative cross section of the many engineer- 
ing problems confronting the designers who sought to improve the Sperry 
upper local turret, They are not selected as of greater importance than 
8 number of other problems not mentioned, but rather as specific illustra- 
tions of the trend in turret modification once the basic design had been 
developed. The fate of the Sperry Lower remote turret, however, was 
cuite different. 

From its very inception the Sperry lower remote turret met with 
handicaps, Onerationelly it suffered from the usual drawbacks of remote 
turrets: restricted cone of vision; difficulties encountered by the 
stationary gunner in keening himself oriented with his guns; and the 


inevitable obscuring of the scanning head by exhaust spray which tended 


it. Chief, DES to Steel Products, 5 Dec. 1942, in Arm. lab, file, 
240. 55314396. 
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1 
to render the lower sight "almost useless." 3 The distance from Sperry 
drawing boards to aerial combat was so great that the lower remote turret 
remained an uncertain quantity even in its finet testing stages. Reports 
16 
from the Materiel Division in November 1941 left the issue in doubt: 

Preliminary inforration indicates that while it is difficult to 

pick up a target initially, as soon as it is picked up, it can 

be held easily in the sight and hits can be scored, After firing 

2000 rounds at a target on the ground, the outfit at Salt Luke 

says that the turret is no good, It is the belief of the Arria— 

ment Section that after thorough training in firing at air 

targets this turret will be far better than present rumors 

indicate and no one is justified at the present time in saying 

that it is useless. 

If the lower remote had drawbacks of a tactical or operational 
neture, to a greater extent it suffered from mechanical complexity. 
Essentially the renote turret consisted of an autosyn 114-velt AG control 
operating from an inverter. Control handle displacement transmitted 
signals through an autosyn system to a remote amplifier. The amplifier 
produced impulses of sufficient magaitude to turn an inertia moter which 
was linked to the booster tilting a conventional Vickers unit. The 
autosyn position control cirevit was extremely delicate and involved 
such critical adjustment that it required the services of 4 highly trained 
enpineer to keep it in operation. Indeed, the turrets had become so come 
plex by the fall of 1941 that the aanufacturer organized a training course 
to instruct maintenance men in the intricacies of Sperry apparatus. nat 


had formally been an extre responsioility for armorers now became the 


work of a trained specialist. 
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15. ICM, Cnief, Do to thief, PL, 29 May 1941, in im, Lab. file, 
reOe 55h—1~lhle 

16. Tk, Asst. Chief, MD (uF), to Chief, KD (ashe), 10 Nov. 1941, in 
BaG 473.5, Lowits, 

17. Sperry to Lo (ui), 29 Oct. 1941, in Arm. Lab, file, EG. 554-1141, 
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The not entirely successful debut of the lower remote turret induced 
Sperry to speed developnent of the locally controlled lower ball turret. 
Barly in June 1941 it was apearent that the time had come to choose 
between the lower remobe and the Lower ball, Sperry was unwilling to 
sink more capital in improvements on the remote if the Kateriel Division 
intended to put the ball into production. The division was loath to 
decide on the ball until cost estimates were available, Sperry's sube 
contractor for the bail, briges, did not wish to undertake development 
of the bali without assurance of a quantity contract sufficient to cover 
possible manufacturing losses, Since the ball turret was a novel design 
entirely undeveloped, Sperry could not offer estimates to the Kateriel 
Division until a cost analysis had been run on the prototype at Briggs.” 

By the first of &pril 1941 the ball turret was in the final stages 
of assenbly., A shortage of aluminum castings delayed the project some- 
what, but pressure from hright Field esrew inereasingly insistent, for 
the question of lower sphere armament for bombardment was daily becoming 
more urgent. Karly in May the first ball turret was ready for tests at 
Wright Pield.2? 

The unusual. design of the new turret, requiring a punner to ride in 
an "embryonic" position, made it most essential to test the ball for 
accommodation, The chief of the amuament Branch directed Eriggs to run 
a series of endurance tests ot the factory to deteruine if it would be 


possible to occupy the ball for long missions, Time tests of men “slightly 


ig. Phone transcript, H. bostwick, Sperry and Maj, F. C. Wolfe, irm. 
Lab., 2 June 19413 in Arm, Lab, File, 0,0. 553-1373. 

19. Ghief, ESS, to Briggs, 1 April 194i; and note by i, E. Goll, Ara, 
Lab., 5 Mey 1941, in ibic. 
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smaller than average" indicated "little or no loss of efficiency" based 
on the evidence of seores compiled with photoelectric light guns fired 
periodically throughout the trial vun.“0 
Lespite the concern that was felt for gumers! comfort, the Materiel 
Division approved the Briggs contract for 250 ball turrets, leaving until 
a later date the decision on large-scale production quantities, The 
Production Engineering Section chief favored delaying the contract until 
air firing tests could be run to determine whether or not the ball would 
be acceptable. The assistant chief of the hateriel Division was of a 
like mind; but in \ashington, Materiel Division officers were forced to 
approve a limited production on the ball, because any delay in ball 
production would require a continuation of the lower remote contract 
to avoid a failure in meeting aircraft deliveries with adequate armament 
output. Since Briggs refused to consider any fewer than 250 balis, the 
Materiel Division was forced to approve the ball contract to avoid losing 
Briggs as a Sperry subcontractor, even thouch Sperry could not furnish 
the division with cost breakdowns until Briggs production begans~ 
Fortunately air firing tests vindicated the decision to begin pro- 
duction before final approval, Surprisingly enough, the ball was reported 
to "compare most favorably in control with any turret which has been 
demonstrated in this country. The report compiled from the information 
acauired while testing the ball in flight coneluded that the new turret 


was "unusually correct in conception and design for a first experimental 


20. Ti, Ara. Br. (..ash.) to SES (.F), 2 dune 1941; and Memo Rpt., 
uno, 17 dune 1941, in ibid. 

21. Fhone transcripts, Col. Grandison Cardner, CCAG and laj, Jack 
Murtha, iru. Lab., 21 dune 19413 and Gardner and laj, we 0. 
Burnside, FLS, 14 dune 1941, in ibid. 
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article." ‘Trial tow-target tests produced favorable scores; and the 
flows that were immediately apparert, such as link ejection jamming in 
the slipstrean, clouding of the siphting pasel, and limitations on side 
scanning, were common to all lower turrets.” 

Sperry offered to build the first 250 balls "by hand" at 3riggs 
for 420,300 each. Liter, when production tooling wes installed, it was 


estimated that a production contract for 2,050 units would supply turrets 


at 314,099 each. The initial cost breakdown placed the turret at .14,300, 


with “3,700 for the sight, °1,400 for the Vickers power drives, and 900 
for the hand control. The first 250 turrets promised to be slow work, 
but there seemed no escape, 

Briggs desipn studies indicated an estimated 1,100 hours of machine 
work in mamifacturing the ball, Of this, subcontractors accounted for 
94 per cent, Briges performing the remaining 6 ver cent. The high degree 
of accuracy reouired in cutting the main ring gear for the bali induced 
Lbriggs to search far ufield for a suitable subcontractor, even to the 
extent of sounding out andersonyNichols Associates, the precision machin- 
ing specialists. However, there were only three machines in the country, 
one at Ford and two at Chrysler, large enough to cut the ring gear on 4 
production basis, Using existing equipnent Briggs estimated the ring 
gear as a 100-hour job. By all indications, the ball turret, however 
ingenious as a solution to the lower sphere fire power problem, promised 


to present tremendous production difficulties, 


22, Heno &pt., EES, 30 June 1941, in ibid. 

23, Sperry to VD (uF), 28 July 1941, in Fos, Arm, Unit file, Turrets, 
Briggs Ball, to Kay 1942. 

24, Phone transcript, Ww. P. Brown (Briggsjand Maj. H, 0. Burnside, Pas, 
Wy Aure 1941, in ATSC 473.5, <perry 1941. See also Anderson Jichols 
to iu (uF), 29 Sen. 1941, in ASC 473.5, General. 
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A Production Engineering Section representative went to Detroit 
to find suitable subcontractors for turret components, but a search 
from "Boston to Iowa! netted scant result. Meanwhile the ball turret 
requirement grew more urgent. To meet, the demands of aircraft expected 
off the line in September 1941, the Chief of PS gave the ball a "No. 
iesiA priority" and summed up the ball situation most graphically by 
saying, "It's hot because we're short." Intrinsically the bell did not 
represent an overwhelmingly difficult manufacturing project, but a two- 
month deadline was hard to meet,~° 

vhen the CFii curtailed Briggs auto body production, Briges threatened 
toa pull out of the turret business entirely. This threat played inte the 
hands of PES, for it gave the section an argument against Sperry as a 
prime contractor and made it possible to force a policy of direct negotis- 
tion with the Materiel Division's new turret souree, Emerson, rather 
then indirect negotiation through Sperry, Sperry apparently had mis~ 
givings about Gaerson, possibly with an eye to future competition and 
possibly fearing the salesmanship of Symington, the president; but when 
it became evident that Sperry could not guarantee ball turret production 
unless Briggs secured a facility expansion through the Defense Flant 
Corporation (DPC}, Sperry agreed to turn over all turret nanufacturing 
richts bo the Materiel Division”? 


ePrints nr 


2>+ Phone transcript, E. A, Burdg, Pos and Lt. Col. HK. B, Wolfe, PES, 
20 Aus, 1941, in ATSC 473.5, General, 

26. Phone transeripts, Col. Crandison Gardner, OCAC and Gol. Ke B. 
Wolfe, Plu, 25 aug. 1941; .olfe and Kaj. BH, D, Burnside, 28 Aug, 
1941, both in Arm. Lab. file, E,C. 553-1-373. See also Press 
Release on Briggs DPC expansion, 20 Sep, 1941, in AAG 473.5, 
Mounts. 
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4s soon as detailed manufacturing drawings of the ball reached 
wight Field fron Driggs, they were sent to Emerson. Four months later, 
in January 1942, the first Emerson ball was finished, despite the charge 
that Briges was curbing production by withholding vital design informa- 
bions”! 

with the entry of the Ererson facility into the Sperry complex, the 
already complicated production network became extremely involved. Of- 
ficlally Emerson was directly responsible as a nrime contractor to the 
Wateriel Division, but in terms of production, the Sperry organization 
still dominated. Although “merson pleaned to manufacture most component 
asseublies ultimately, the first turrets fabricated depended largely 
upon existing sources. The Eriggs ball utilized sights, fire cut-out, 

and hand control units built by Sperry end drive units by Vickers. This 

sane system prevailed in the case of the Steel Products upper, Since 
Bmerson planned to build both ball and upper turrets, the Production 
Cngineering Cection chief expected that Srerry would carry out some 
similar subcontract arrangerent with Ererson. The situation was still 
further complicated by the fact that operry subcontracted sone of the 
"Zperry~furnished ecuipment" to the Uelaval Serarator Company. 

whet Emerson, as a Materiel Division prime contractor rather than 
a Sperry subcontractor, failed to coordinate with Sperry rezarding 
anticipated production schedules, delays in subassexibly deliveries 
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27. Chief, Flo to Zuersor, 29 wep. 19413 aad Exzerson to LD (7), 
9 Jan. 1942, in Arm Leb, file, 5.0. 553-1-373. 

28, IG., Chief, Fo. to chiel, GFD Ur., TES, 28 Nov. 1941, in #TSe 
A73.5, Sperry 1Oh1. 
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retarded Emerson's outrut. 4s previously mentioned, a Vickers unit 
shortage threatened to wreck the entire turret proesran, Actually the 
shortare was never as acube as it appeared on the surface, part fron 
artificial bottlenecks arising out of idle inventories, the Vickers 
company itself brought about sone of the misapprehension in besag unwill. 
ing te prosise a high-production figure while negotiating for a DPG plant. 
Tne artificialiy depressed estinate of Vickers unit production was 
immediately apparent when DFG approved the Vickers expansion plan and 
Vickers suddenly promised more units per month from existing facilities.~” 

The problems ineidental to coordinating the production plans of the 
Sperry complex and planning to neet requirenents in the face of manufacturers! 
efforts to "wangie" DFC plants continued for several years, but by the 
early months of 1942 the bail turret had reached design maturity and sub- 
sequent changes were on the order of modifications, 

Like the upper local, the ball turret went through a period of 
months of modification during which "bugs" that appeared with further 
testing were eliccinated, Socine engineers noted that the sighting window 
became fouled on take-off, and the irmament Laboratory engineers suggested 
desiguing a winer. Complaints that the turret lacked interphone volume 
control, sn external power switch, and "deadman'' switches raised a 
varlety of problems. Two of the most vexing problems, jerky range pedal 
operation and fouling of the ammunition belts in the cans when half empty, 
were to trouble the ball turret for two or three years.” But only one 
modification reached major proportions, 
23. Fhone transcript, Frank Conace, Sperry and Maj, kk. D. Burnside, Fis, 

3 Dec. 1941, in ATEO 473.5, General. 
30. Leno Rpt., HES, 4 March 1942; memo, Uiaj. He A. Beriiner to i'aj. Gen. 


K. S. Fairchild, CSAC, 18 April 1942: and Meno Kpt., EES, 20 Sep. 
1942, in Aro. Lab. file, E,0, 553-1-373. 
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The excessive drag resulting from the ball protuberance inevitably 
suggested a retraction mechanism of some sori, and after experimenting 
with an electric drive version, the Armament Laboratory finally approved 
a hydraulic system with comparatively positive action,” 1 

While the ball turret was in process of modification the several 
manufacturers of the Sperry group were experimenting with new projects 
which were to surpass the existing production items. Sperry engineers 
were busy developing 2 computing sunsight with a gyroscopic prediction 
element, and central—-station fire control equimient projects were well 


along toward the production prototype phases”” 


The Aruament Laboratory authorized Steel Products to undertake an 


experimental project pressurizing an upper local turret. Briggs considered 


a similar project. for the ball. 3 


In January 1943 a conference of turret 


nanufacturers at wright Field decided to redesign the ball turret entirely 


to include such features as external ammunition containers, hot air heating, 


quickly debachable guns, larger scanning windows, wider control range, 


lever action gun charging, and increased armor plate, a11 in @ magnesium 


casting ball. Furthermore, the Armament Laboratory initiated projects on 


four-gun ball turrets. A full year later neither of these projects had 


progressed very far, since the lack of any well defined tactical require~ 


ment tended to push these experimental projects to one sides These 


turrets, 1t would seem, were for the more distant future, 


31, é& for F 182172 (Griggs), 19 Dec. 1942; and Lemo Apt., Arm. Lab. 
5 June 1943, in arm. Lab, file, E.0. 553+1-519. 

32, emo Rpb., EES, 22 Nov. 1941, in Ama Lab, file, F.0. 554-1-129. 

33. A for P 175537, 25 Sep. 1941, in Arm. Lab. file, H.O, 553-1396, 


See also Chief, HES to urigegs, 23 July 1942; and Memo Rrt., Ara. Lab., 


22. Dec. L942, ‘iin AY, Lab. file, £0, 553-116. 


34. Leno apt., Arm. Lab., 24 Jan. 1943, in tru. Lab. file, E.0, 553~1-373. 


See also sriggs to Pis, 16 April 19433; and Xeaio xpt., Arm. Lab, 
6 Jane 1944, in Arm. Lab, file, 3.0. 553-1-515. 
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General dlectric Company 

Feraliel to the erowth of Snerry equipment was that of a number of 
other turret manufacturers who vied for the production market. Among 
these concerns, General Electric was one of the most important, The 
most active G.=. project in the early months of 1941 was the A-20 fire 
control system, an arrangement of upper and lower twin=,50 turrets with 
periscopic sighting heads. In February, tests ab Aberdeen Froving Ground 
reported the GE. installation as "satisfactory," and a month leter the 
Cowtract Section ab Lright Tield informed Douglas bLhat the unit had been 
sufficiently perfected to install in the A~70 airplane.” 

As 4~20 production ran aheed of turret development at G.a., Douglas 
planned ta send an 4-20 to the G.=, plant, where turrets could te in- 
stalled on an empirical cut-und=try basis without draniags.’° Fiisht 
tests in Septerber 1941 deronstrated that the C.°, upper turret was 
"very reliable." A renort from the Air Corps Proving Ground was emphatic 
in its opinion: "All pilots end runners are enthusiastically pleased with 
the oneration of the General Electric turret in the A=20A airplane." 

Tnere were, of course, a nurber of shortcomings to the G.E. turret: 
the scanning area was too limited; gunners found it difficult to keep 
oriented with the suns without a revolving seat or terget locator: and 
the sipht showed an unfortunete tendenoy to excessive vibration, coupled 


with a quality of reflecting an operationel movement in the control Lever 


35. Ordnance Program Ept. 5082, berdeen Proving Ground, 26 Feb. 1941, 
in 4AG 473.5, ounts. See also Chief, Contract Sec,, «F to Dovelas, 
20 Narch 1941, in 4mm. Lab. file, c.0. 55h-1-130. 

36, Douglas to LO (.F), 31 March 1941, in Arm. Lab. file, 5.0, 554-1142, 
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® during pull-outs. None of these functional problems was of particular 
moment, however, compared with the fact that the lower turret of the 4-20 
was not ready to be shinped to Lrignt Field for tests until January 1942." 
The 4-20 project became, perforce, the A-26 project, because the initial 
period of development consumed such a disproportionately long time. 

@ In addition to the 420 armament project, G2, signed a contract in 
June 1941 to construct fire control systems for the KA~26, the XIP-58, and 
the XP-61, similar to that used with the initial A=20 double turret 
arrangement or to the one involving a single four-gun upper turret of the 


type eventually perfected for the production P6147 8 


It is apparent that 
the G.E, production pattern had become extremely complex, largely as 
result of two factors: the G.—E. systems were designed primarily for air- 
© planes not yet in production; and the very fact that the installations 
represented complete systems rather than individual turrets made G.E, 
production plans contingent upon airplane production, 
Throughout the summer of 1941 a great deal of uncertainty existed 
regarding the fate of the XB~2& and X5-33 airplane projects, and G.f., 
already laden with prospective production for as yet undeveloped airplanes, 
was hesitant about accepting commitments which did not guarantee extensive 


39 


ultimate production. In June GE, reported a turret capacity of 330 


@ turret units per month and appeared unwilling to expand any further, since 


37. IC, Shief, SES to Chief, Contract fec., 2 Jan. 1942, in ibid. See 
also Mero Rpt., Ea3, 15 Cet. 1941, and memo, Capt. J. 0, Guthrie, 
Arm. Sec. 4C Proving Ground to Air Corps Board, 30 Sep. 1941, in Arm 
Lab. file, £.0, $53-1-362, 
38. Contract 1535 ac-l9Lf0, 26 June 1941, in LTSC Contract files. 
® 39. Phone transcript, Lt. Col. Grandison Cardner, OCAC and Maj. F. C. 
wolfe, arm. Lab., 10 July 1941, in arm. Lab. file, H.0. 554-1-130, 
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all G8. fire control projects had been more or less limited to experi- 
mental contracts, By August, however, the promise of production contracts 
seened immeasurably greater; and GE, studied a plan to utilize Emerson 
floor space to exnand GE, output, 

By December 1941 Emerson was negotiating with G.E, to secure manu~ 
facturins rights for the amplidyne drive on a license and royalty basis, 
and the Materiel Division was fostering G.E. in a $12,000,000 machine-tool 
financing plan,4? The following chart shows the Linited extent of G.i. 


production in January 1942: 


Units on Additional Delivered 

Contract kequired to vate 
Pm61 System 215 360 0 
AW~26 Systen 503 0 0 
Be2! System 2 600 9) 
Be33 System 402 0 8] 


Taese figures indicate the narrow range of Gel. production up through 
January 1942, especially in view of the fact that neither the B-28 nor 
B~33 were past the experimental stare; but in Hay a contract for more 
than °98,000,000 was nesotiated with GE. for 3,92h units covering the 
four production airplanes mentioned aboves The development of these 
systems continued actively over the next several years, but that contract 
marked the maturing of G3. turret design. 

If Sperry spent the larger part of 1941 and 1942 in organizing pro- 


duction, G2. did not even reach the production phase until the middle of 


40, Tuk, Tech, Exec. (CF) to Tech. Skec. (i ash), 19 June 1941, in Arm 
lab. file, 0.0. 554-1-112. See also .eno hpt., ESS, 14 ing. 1941, 
in 4ru. Lab. file, 0.0, 554-1-159; Chief, Contract See. to G.E., 
20 Oct. 19413 and [merson to G.c., 11 vec, 1941, in arn, Lab. file, 
Kachine Gon Mounts i941, 

Al, Contract 535 ac V7375, 4 Bay 1942, in £TSC Contract file and in 
irm. Leb, file, 0.6. 554-1-130, 
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1942, lareely because of delays in the appearance of anticipated air- 
craft models. Some of toe other turret manufacturers were not so long 
in entering into vroduction, or at least the developmental stage over~ 


lapped initicl produetion activities, 


Glean L. Martin Conpany 

tne of the most suecessful turrets of the war from the standpoint 
of design as well z+ that of production was the Lartin amplidyne drive 
terret oririnally conceived for the +24, It is perhaps surprising that 
this turret turned out us well as it did. ‘Sesigned as 2 specialized 
niece of equinacat to fit tac specific needs of the B-26, the Martin 
turret proved remarkably adaptable for use in several alrplanes, includ- 
ing the E~24,, 2-34, 471-18, and others. . 

The success of the Lartin turret as a design undoubtedly stemmed 


primarily from the essential soundness of anpiidyne as a drive; but 


beyond that, the Martin industrial organization seers to have been extremely 


successful. The Mertin engineering staff appears to have anelyzed the 
basic requirements for a functional turret from tne very beginning, since 
the original production model reunined the basis for future production 
designs almost unchenged in major considerations. Gun mounts, ammunition 
boosters, armor plate, and control system were so soundly designed in the 
prototype that suosesuent inprovenents were mathers of detail rather than 
fundamental changes, Emerrency manual operution, quickly detachable 
armunition cans, profile can fire cut-out and structural interrupter, and 
even the addition of a computing sight, all ieft the original turret con- 


cept uninpsired. 


“ feo feet uel ee 
ESTO I. » 


THIS PAGE Declassified IAW EO12958 _ 


This Page Declassified IAW EO12958 


Toes i ciftu 
La THS—5h omar sy Poo eats au, 


In terms of production, the Martin turret success probably reflected 
two fundamentally i~portant organizational policies. In tie first place, 
unlike some of the other turret manufacturers, notably bendix, Martin 
Lined up a group of subcontractors aud controlled thea with sulficient 
firmmess to pet production results withovt any considerable aid from the 
Hiateriel, Division. ‘here other manufacturers felt constrained to have 
recourse to PLS or the CF to compel subcontractor compliance, Martin was 
able to get results without reliance upon cutside whips. 

The second organizational factor in Martin's production success was, 
whether consciously or unconsciously, based on the best recommended 
British practice, Martin was the first turret manufacturer to go into 
production to meet the immediate need, with a turret which was basically 
sound though aduittedly lacking in refinements, Then, without seriously 
impairing the flow of production, the manufacturer inserted nodifications 
and improvements which had been perfected on the side while production 
continued unabated.” 

In June 1941 PES negotiated with Martin on the possibility of pro- 
ducing upper turrets for the 5-24. The wanufacturer reported that Martin 
facilities had "plenty of capacity,” and the company was "perfectly 
willing and glad to build the upper surrets, 

In November the outlook was not so promising. As B-24 production 


expectations turned sharply upward, Martin cepacity seened dwarfed, Fifteen 


42. For British opinion, see "Inforwation on Frazer-Nash and Boulton- 
Paul Aircraft Machine Cun Turrets," by U.S. Naval Attaché, England, 
Rpt. 1549, 29 Nov. 1940, in HF Lib., D72.11/102, 

43. Phone transerint, Henry Esher, GH. and liaj. Li. D. Burnside, PES, 
25 June 1941, in ara. Led. file, Secret Correspondence, folder 2, 
L941. 
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manufacturers, already pressed with war work, declined to subcontract 

for Lartin; and Emerson was not expected to come into production with 
Martin turrets until the spring of 1942.* By the end of Decenber 1941, 
however, Martin expected to deliver 2,000 or 3,500 turrets in the follow- 
ing year, depending upon the number of specification changes which might 


Ab 


siow down production. The trend toward reduction in B-26 production, 
the lag in He24 production, and the unexpected growth of Emerson capacity 
saved the Lartin turret from becoming a critical shortage; and production 
kept pace with desipn improvement and aircraft renuirements, 

. Cne of the most strikins examples of the Martin policy of concurrent 
production and improvement is the case of the fire cub-out mechanism. 
Wartin engineers visualized a profile cam cut-out early in the initial 
design conferences, but such a device required time to perfect; hence 
the first production model turret came out with a simmle arrangement of 
block cams actuating micro switches in the firing circuit, To be sure, 
this cat-out protected only the vertical stabilizer. The horizontal 
stablliger, the wing tips when flexing under load, and the propeller arcs 
all fell within the turret's fire. Moreover, the guns, when rotated in 
the zero azimuth area, forward along the center line, struck their muzzles 
against the fuselape at minimum elevation. 

The profile cam interrupter did not reach pright Field until april 
1942, when it was tested before production. ‘The interim measure proved 


hh» Fhone transcript, L. G. Lilburn, Zellanca Aircreft and Lt. Col. 
O. Re Cook, PES, 26 Nov. 1941, in ATSG 473.5, Ceneral, 

45. Phone transeript, J. dartson, Vartin and Col. br. 8. Volfe, PES, 
23 Dee. 1941, in cm. Lab. file, lachine Gun Lounts 1941. 
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worth while, quite obviously, since nearly 2 year and a half passed 

between the time when the first production model appeared and the date 

of the first turret esuipped with a profile fire cut-out and structual 

inberriuoter which not only protected all vital parts from gunfire but 

prevented the gun muztles from striking the fuselere wnen slewed low 

alone the zero azimuth area” 
Unlike sperry, the Uarbin profile cam manufacturer, J. P. Frieze 

« Sons at Baltimore, did not prepare the cams empirically but erployed 

an ingenious semitheoretical aprrozeh. 4 turret with light beam suns 

wac mounted in the center of 4 circular room whose walls carried silhcuettes 


Ae 


of the airplane structure for which the cam was desicned, This technicue 
proved exceptionally successful, although not ali the engineering probLems 
of the Lartbin turret were handled so directly. 

Ferhaps Lie most serjous difficulty facing the turret manufacturer 
was the problem of understanding conbat or at least sttaining an accurate 
picture of the realities of combat conditions, One of the many Martin 
nodels appeared with the main power relay controlled by the deadmuan switch. 
Soon afterwards, reports from the field indicated numerous brush failures 
in the amplidyvne drive system. Studies revealed that every stop and start 
reduced the normal life span of an anplidyne brush from one to ten hours. 
The condition was corrected by revising the system so that the deadman 


relay affected only the potentiometer or control circuit and not the 


auplidyne power circuit. The engineer analyzing this correction noted 


46, Mero pt., FES, & April 1942, in Arm. Lab. file, Martin 3~26 
Sontract ac 13243, folder 2. 
47. Wemo upt., Arm. Lab., 2 April 1943, in An, Lab, file, B.O. $53=1-489, 


tr + , 
oth oy heey apg 


THIS PAGE Declassified IAW EO12958 — 


This Page Declassified IAW EQ012958 


nAFHo<5h al7 


ep TF fof DT ae 
that reports from the field indicated that tne deadman switch was operated 
a good deal oftencr than had been anticipated originally. 

The case is irportant because it illustrates one of the most baffling 
problezs of turret manufacturing. After nearly two years of war, Lartin 
engineers were still uneble to secure an accurate concept of combat opera- 
tion. & manufacturer's overseas field representative making periodic 
personal reports was one solution, and an improved or amplified system 
of Unsatisfactory ienorts was another; but the continued failure of 
designers to visualize combat realities suggests that no satisfactory 
answer was found. The appearance of G.E.-built lartin hand controls of 
plastic construction, with trigger switches which could not be replaced 
without replacin: the whole assembly, graphically illustrated the distance 
between the industrial drawing board and the armorer's maintenance shop.” 

Important design improvements incorporating aided tracking and gyro 
stabilization marked the course of Martin turret development after more 
than three years of production, but the initial turret concept continued 
as the foundation for all later improvements,”? Tf the original Martin 
design proved remarkably successful, suchwas not the case with every 
turret manufacturer. The evolution of the Bendix turret, for example, 
is a case anbithebical to that of Martin. 

Bendix Aviation Corporation 
The experimental 3endix lower turret of December 1940 uas followed 


the next month by a bendix upper operating with an essentially similar 


Le, iemo kpb., 0 Towip. dab., 11 Yov. 1943, in 4rm. Lab. file, 1.0. 
55h-1~130, folder 2. 
49. Hemo kpt., Ann. Lab., 22 July 1944, in arm. Lab. file, 1.0. 553-1- 
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drive aysten.”” Two turrets, an upper and a lower, both handmade tool- 
room models, were sent to Jorth Anerican for trial installation in the 
B-25; but as late as lay the fire cub-out cams were still incomplete, 
pending the arrival of final B-25 structural drawings. Factory trial 
reports revealed "considerable difficulty" in the new turret ammunition 
feed system and control circuit, and dorth American expected to be forced 
to roll out 15 B-25's in jugust 1941 without turrets.°_ 

Gespite the fack that the Bendix turrets in their existing state of 
develo;nent represented very imperfect cross sections of the best in 
turret design, the manufacturer, in compliance with a verbal recuest from 
“right Field, submitted a detailed conpilation of technical requirements 
for a model turret to be of use in amassing data for a turret section in 
the Handbook of Instructions for Airplane Lesisners in June 194d. 
Bendix turrets vere far from being iueal sanples. 

Flight tests on the new Jendix upper turret at right Field revealed, 
just as in the ease of the lower turret tested somewhat earlier, that the 
speed controls began excessive arcing attter a bare 35 xinutes of flight, 
and Lxperimental “ngineering Section engineers predicted that even future 
modeis would suffer from abnormally freauent maintenance periods, The 
hand control system was considered utterly inadecuate to the point of 
recuiring inmediate modification, ani flight tests revealed that current 
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50, Bendix to iD (JF}, 16 Jan. 1941, ia Arn. Lab. file, Lachine Gun 
Lounts L9AlL. 

Sl. Chief, Contract sec. to North ~uerLean .viabion, 31 Nov. 1941; and 
TX, Laje 1. G. wolfe to ixec., 1D (uF), 12 aug. 1941, in arm, Lab. 
file, sorth suwerican v-25 Ucntract ac 13235. 

52. Bendix to 10 (UF), 16 dune 1941, in Arm, Lav. file, Lachine Gun 
counts 1941. 


THIS PAGE Declassified IAW EO12958 — 


This Page Declassified IAW EO12958 


ARFHS-Sh candy FBI | ee 3 aly 
i ee 


consumption figures ran frou 50 to 75 per cent higher than those in 
other types of turrets because of improper reduction gearing. The report 
concluded that the Bendix upper turret was inferior to other makes for 
combat uses?” 
The Oxperimental Laorineering Section's "689" inspection report of 
the new B-25 arwament listed a number of serious flaws in the Bendix 
turret. The single control handle was inadequate. It not only inpaired 
smooth tracking but suffered rrom 4 serious loss of control across a 
large dead~spot ncutral., Tne controls had no self-centering attachment. 
The deadman switch served as the mein power switch. Since the B-25 was 
not equipped with an external battery plug socket, it was not practical 
to operate the turret on the ground unless the aircraft engine was operat 
ing. 
Both upper and low/turrets suffered from inadequate sighting facil- 
ities; this shortcouing of the lower, in particular, was apgravated by 
the lack of scanning or pick-up windows. “either turret was equipped 
for emergency manual operation. To be sure, the lower turret had a hand 
crank stowage systen, but the cranis were so Llocuted and the gear ratios 
so extreme that manual tracking, even of the crudest nature, was impossible. 
Both turrets suffered from a variety of ammunition feed difficulties, no 
boosters were provided, and both drives frequently malfunctioned with 
brush and relay contacts arcing and burninge 
The upper turret was designed without consideratiorlfor the size of 


aman in full flying equipment, and in neither turret had Bendix designers 


53. Memo lpt., #83, 21 July 1941, in ibid, 
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devoted sufficient attention to slot closure. Open upper turret slots 
teaded alternately to fill the fuselage with a blasting draft when facing 
forward and to suck all the warm air from tne fuselage when facing aft, 
quite nullifying the value of the cabin heater. 

Improper slot closure, however, was a minor problem of modification 
compared with some of the more intrinsic weaknesses of the turret. Among 
these more fundamental flaws was the fact that the lower turret required 
55 seconds to extend from the fully retracted position. The unsound 
drive, the inadequate scanning facilities, and the poor sights were to 
be the source of trouble for months to cone. 

4 uright Field representative attending a turret training course 
ab the Bendix South Bend plant summed up the Bendix turret as "not 
satisfactory," commenting that the "peneral feel, ease of control, ease 
with which one may becowe a competent operator, and naturalness of the 
sighting are not considered satisfactory for efficient gunnery." These 
repeated expressions of opinion were not entirely lost on the Vateriel 
Division, but the urgent requirement for turrets in the fall of 1941 
made it difficult, if not impossible, to reject the turrets completely, 
and the division informed Herdix that one of the most important phases 
of the turret program would be to sell the Beadix turrets to the men who 
were going to use then. The chief wrote:? 6 

It would be to our mutual interests for you to arrange for service 


engineers to live with these turrets during the next few months to 
make sure the Service does not receive then with defects and troubles 


5,, 689" Inspection pt. on B-25B, 2u5, 16 Aug. 1941, in fem. Lab. file, 
North American E-25 Ocntract ac 13256. 

Boe o GG pte, Asst. lech. Bnge G T. dixby, i3 Oct. 1941, an Arties Lub. 
file, .achine Gun Lounts 1941. 

56. lu (.F) to Bendix, 5 Sep. 1941, in L4G 473.5, iounts. 
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waich will get them off to a bad start and possibly a bad reputa~ 

tions... If they give the Service trouble at the beginning, 

they may get a bad reputation which they may never be able to 

live downs 

The British turret authority, ing Commander Spreckley, emphutically 
stated that "The Bendix lower turret is completely hopeless due to in- 
proper control and poor design in reneral,!”! This statement, appearing 
in October 1941 when the new B-24's armament was up for consideration, 
proved disturbing. The Vateriel iivision chief wrote the assistant caief, 
"The question of the turret on the B-24, is one which is getting hotter 
and hotter daily on account of reports of this nature which are being 
sent to Enpland, ... The comaent on the Bendix lower being definitely 
unsatisfactory ig news to me... perhaps the Beadix is better than 


58 


nore." 
Eendix engineers planned to salvage the unsatisfactory turrets by 

installing axplidyne drive systems. This expedient proved comparatively 

satisfactory in the upper turret, but apparently nothing could rescue the 

lower turreb.? 9 In Jay 1942 the Production Carincering Section chief 

infomned Yorth Acerican that the Uateriel Center had decided against 

the lower turret. He sumed up service opinion on the turret tersely: 

WTpey dontt Like it." Since a tail gun involved structural changes, 

and serious weight and balance considerations, he suggested, "Let's sbay 


off the tail sun and see if we can satisfy theu with two side guns and 


57. Ltemo, Brig. Gen. ialph hoyce, -ilitary Attaché for Air, London to 
J. D. Sivgers, OF, 10 Oct. 1941, in ibid. 

58, Chief, 0D (washe) to Asst. Chief, Hv GH), 21 Oct. 1941, in ibid. 

59. TK, Chief, FaS to Res. Rer., Jorth #merican, 15 Jan. 1942, in 
Arn, Lab, file, Worth American 2-25 Contract ac 13258, 
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+» + « the old tunnel gun" as originally designed, although admittedly 
the tunnel or bottom hatch installation promised to be little more than 
a "morale gon if the Chief of PES seemed to be determining armament 
policy, however correct that particular decision may have been, he was 
clearly sbepping beyond his delegated responsibilities. 

No matter who voiced the opinion, the Bendix lower turret was 
adnittedly a collection of malfunctions. Slight drops in terminal 
voltage destroyed the effectiveness of the dynamic brake structural Limit 
stops. The kneeling sighting position proved untenable during evasive 
action, and a large numver of other specific mechanical failures cropped 
up as the turrets reached use. Nonetheless, probably no single weakness 
was of such critical importance as the inadequate sighting system. 

The limited cone of vision which tne telescopic sight imposed upon 
the sendix upper turret was overcome with the installation of a simple 
reflex sight comparable to the arrangement in a llartin turret, but all 
modifications were doomed to failure with the lower turret Bendix 
engineers tried to salvage the sight with a number of ingenious devices, 
but none mastered the basic difficulty. To answer the charge that the 
lower turret suffered from inadequate pick-up windows, Bendix designed 
a direction of attack indicater" to show which quadrant the target 
eppeared in, but the obvious fallacies of such a makeshift device shelved 


the project as soon as it appeared,” 


60, Phone transcript, Lee Atwood, North American and Brig. Gen. K. Be 
Jolfe, Fis, 6 Lay 1942, in dre. Lab. file, E.0. 553-1-452, 

61. Chief, TES to Bendix, 29 June 1942, in Arm. Lab, file, E. 0. 
553-1-119. 

62, Bendix to Materiel Center, 23 July 1942, in ibid, 
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A more promising but Little more effective attempt to improve the 
lower turret sight appeared with the Bendix design to increase the cone 
of vision to 70° and insert an erecting prism to maintain a normal track- 
ing vision. Hitherto, while tracking through an azimuth arc, the target 
in relation to the gunner's vision had appeared to roll over in flight. 
This not only resulted in a loss of orientation but made tracking extremely 
difficult if not impossible, The proposed improvements did not salvage 
the turret, however, for as late as January 1943 an Engineering Section 
report noted that "due to recent criticism an investigation is being con= 
écucted to debernine the feasibility; of modifying the bendix lower turret 
in such a manner that the pumner can rotate with the turret in an azimuth 
directions"? Turrets equipped with an abtack indicator, a 70° cone of 
vision, and an erect image sight did not provide "adequate combat defen- 
sive fire power," according to/uright Field report of ley 1943 which 
recommended that waist guns be installed until a more satisfactory lower 
turret could be developed. ‘This course of action had been commended 
exactly one year before by the Froduction Engineering Section cnier.° 

Tne misfortunes which seemed to hinder the Bendix turret began early 
in the production phase of manufacture. In July 1941 Bendix deliveries 
were so much in defauit that the Materiel Division contemplated throwing 
half of the Bendix contrad to ~nerson.°? To spur on delinquent subcon- 


tractors, the l'ateriel sivision wrote directly to 24 Bendix subcontractors, 


63, Chief, TES to Bendix, 20 Aug. 19423; and Uhief, I3 to Bendix, 6 Jan. 
1943, in ibid. 

6h. Yeno Rpt.) La5, 5 May 1943, in Arex. Lab. file, 2.0, 553-1-505. 

65, Fhone transeript, laj. 3. x. srentnall, jendix .es. ep, and Col, 
kK. 8. olde, PSS, 22 July 1941, in +130 473.5, Geaeral. See also 
Chief, FS to Bendix, 27 June 1941, in 4.G 473.5, Uounts. 
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Gut of 106 in the 3endix complex, only 6 were seriously behind schedule; 


pub these critical 6 were sufficient to wreck production. 

The dangers inherent in a policy of subcontracting an abnormal 
proportion of the turret «were many. If the prime contractor became little 
more than an asserbler of components, little desiga improvement could be 
expected, for experience showed that a large number of desiga inprovecents 
bezan with the study of industrial simplification. Furthermore, manu- 
facturing founded largely upon subcontracts left only a tenuous control 
in the hands of the Materiel Division, whose dealings were necessarily 
with the prime contractor. A P23 report concluded that "the asin reason 
for not getbing deliveries on turrets" from Eendix was "the lack of 
orpanizabion and very little effort made to produce parts in the contractor's 
own plant," and recommended that the manufacturer be notified that unless 
deliveries were improved, steps would be taken to relieve Bendix of the 


idle government machinery and to reduce the nunber of turrets contracted 
66 


for, 

Production difficulties coupled with the problems of design made it 
necessary to reconsider the entire Bendix production program in sepbember 
1941. Althourh it was decided that the requirenent for lower turrets was 
sutficiently urgent to justify continued production, the chie? of Pas 
noted that "difficulties are of so serious a nature that it is unlikely 
that a completeiy satisfactory correction can be looked forward to as a 
probability" and suggested that a "complete redesign be undertaken with 


a view to substituting entirely new turrets for those now being delivered, 


66. Meno Rpt., Pad, 29 duly 1941, in 1fo0 473.5, cendix 1939-1941. 
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at some point in the production schedule."? So, somewhat under a cloud, 
Bendix continued producing lower turrets. 

The pattern of Bendix production did not improve in 1942. \ith 
E-25 acceptances estimated at 1,259 planes per month, Bendix maximum 
production, optimistically considered, was not expected to reach 850 
units per month. This factor, together with the maintenance problems, 
the operational training problems, and the steady flow of "Unsatisfactory 
Reports" from the tactical units to the lateriel Center, led to the 
decision to delete the lower turret from the 5-250, 2-25), and all sub- 
sequent contracts, 

In April 1943 the Assistant Chief of Lir Staff for Materiel, 
Laintenance, and Distribution (2U&D) in .ashington directed that the 
surplus Bendix Lower turrets be utilized as chin turrets on the 8-L7F 
until the newly designed chin turret could be put into production.” 
Another somewhat later scheme to salvage the surplus ower turrets by 
inverting the lowers to use as uppers proved mechanically unfeasible, © 

As far back as July 1942 Bendix had roughed out two experimental 
chin turrets for trial installations in the Be17F and B-24D, The B-17 
version utilized an independently hung sight on a swinging arm free of 
the turret proper, The B-2i version rotated both the sisht and the 
gunner in relation to the guns moving in azimuth. Since it was obviously 


inadvisable to manufacture two different types, the B~17 model was selected 


67. Chief, Fl3 to Bendix, 11 Sep. 1941, in Arn. Lab. file, Machine Gun 
Mounts, 1941. 

68. IO.i, Chief, PLS to Chief, Airplane Projects, Pis, 7 Liay 1942, in 
Ara. Lab, file, 3.0. 553-1-425. 

69. Daily Log, Froduction Bre, “L&D, 30 April 1943. 

7O, Remo pte, umm. Lab,, 9 July 1943, in dra. Lak. file, 553-1-486. 
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because it could be fitted in either type of aircraft and, in the limited 
seetor of fire available to a chin run position, there was no need for 
serious concern about orienting the gunner to his mms. 
The pressing demands for frontal fire power to defend bonbardment 
aircraft against head-on attack fully justified the earlier British 
decision to retain nose turrets even though in the early phases of the 
war only oceasionall; had attacks been made fronbajly. Bendix hurriedly 
improvised « chin turret design, but putting the design into production 
was quite another problem. By the time the chin turret appeared, Boeing 
production was rolling; and the chin turret requirement promised to tax 
Bendix facilities severely. At the iateriel Center it was noted that 
the "history of the Bendix Company in turret production dees not bear 
out any optimistic assumption as to their capacity to better the delivery 
schedules"* 
Bendix chin production reached approximately 150 units per month by 
June 1943, but unlike the experimentai model, the earliest production 
73 


turrets utilized the old indirect or remote sirnting systen. After one 
dry run and one combat mission the Zighth Air Force approved the indirectly 
sighted chin turret ag an "interim measure," but during a subsequent 
mission, a B17? equipped with the remotely sighted chin turret suffered 

12 frontal attacks in one hour. The nose gunner reported that he had 


been unable to track more than one target for three bursts "because of 


the difficulty of picking up targets attacking in rapid succession." 


Ti. Bendix to 0 (.F), 2 duly 1942; and Memo kpt., ub, 27 July 1942, 
in ATMs Lab, file, BO. 5m 1-4 5S 8 

92, Chief, }C to Chief, FuS, 29 dum. 1943, in fam. Lab, file, 1.0, 
553-1-4.91- 

73. Daily Log, Froduction Br., !u&0, 16 June 1943. 

The Capt. li. C. “ontanus, Sth iF Air tech. Eec, to Aircraft Lab., cis, 
19 July 1943, in Aru. sub, file, 3.0, 553-1-569. 
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The unsatisfactory performance of the indirect-sight chin turret 
led the Laberiel Center to dismantle all sucn turrets installed in 2-17F 
airplanes, ond hand-held guns were continued until a production—-version 
direct-sipnt chin turret could be procured in quantity. Too much haste 
in reaching production and an essentially unsound design seen to have 
hounded tne Bendix iower turret throughout its eatire career, at Least 


until tae final direct-slight china aspeared on the B~17G. 


by the end of 1942, atl the major turret manufacturers save .esting- 
house had reached the large-scale production phase of turret developuents 
To be sure, G.c. production was delayed because of the retarded prozress 
of the P=6l, 4-26, and B29 airplanes; but nonetheless, as a manufacturer 
of Martin components, G.E. entered production early in 1941. Lartin pro- 
duction ran saoothly almost fron the very first production contract Late 
in 1940; and Sperry, after a difficult period spent in organizing sub- 
contractors, hit a production stride by the end of 1941. 

westinghouse, the only manufacturer of the initially interested group 
who did not wake a wajor bid for a share in the turret business, spent the 
greater part of 1941 and 1942 perfecting a drive unit. In Lecenber 1942 
the armament Laboratory tested a novel :estinvhouse power unit in which a 
Silverstat resistor, not unlike the Westinghouse aircraft voltage regulator, 
controlled the speed of a variable-speed friction drive through a differ- 


ential follow-up. 


75. See under date of 20 Juiy 1943, in ibid, 
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Cne particularly interesting feature of the drive was a small gyro 
sensing chanzes in the control deflection rate and adding a component 
of this rate to the control motion to achieve a damping characteristic. 
The Armament Laboratory believed at the time that the ayro element was 
unnecessary, but less than a year later the .estinghouse gyro was of 
such importance that the Armament Laboratory suggested coupling the 
gyroscopic unit with awplidyne control to form the drive system for a 
fully stabilized turret. "© Stabilized turret control rave much promise 
for the future and marked a most important departure in the evolution 
of power turrets, but thero were a numbor of other turret projects be- 


ing devesoped by other manufacturers which deserve consideration, 


76. lesio kpt., arm. Lab., 19 Dec. 1942; and liemo apb., Arise Labs, 
13 Aug. 1943, in arm, Lab. file, «20. 553-1-476. 
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FO, GH TUCHET DeVSLOP EIT: PRODUCTION FHAS2, 1941-1944 


Among the various turrets manufactured for the Lateriel Division, 
the Consolidated Aircraft Company's tail turret was an anomaly in that 
it originated as an integral part of the B24 Gesign rather than as an 
independent unit of government~furnished equipment. The evolution of 
the Consolidated tail turret was inevitably influenced by this relation 
ship with an aircraft and probably indicates, as no other illustration 
could, the iportance of perfecting turrets as units apart from specific 
airplane models. 

As far back as May 1937 the SJavy's Bureau of Ordnance negotiated 
contracts with Hartin and Consolidated for big, heavy, long-range patrol 
bombers and expressed a desire to equip these airplanes with some forn 
of power turret. When questioned, the Lateriel Division expressed no 
objection to revealing the "secret" gun mounts of the Air Corpse! Just 
how many "secrets" were learned may be surmised from the fact that the 
avy graciously approved Consolidated's sale of the recentiy developed 


.50=cal, power mount to the fir Corps in December 1938." 


1. OCAC to lw (.F), 21 Vay 1937, and Ist ind., Chief, KD (uF), 28 Lay 
1937, cross reference in ATSC 472,81, Fire Control. 

2, Chiet, Javy Bubrd to Inspector of Naval Aircraft, San Diego, 
22 Dec. 1938, in Aru. Lab. file, Machine Gun ‘counts 1938-1939. 
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In Hareh 1939 the specifications for Lonsolidated's XB-24 called 
for four 30's and three .50's for flexible gunnery installations, 30's 
in nose and waist, and a single .50 in upper, lower, and tail positions. 
Tae type specifications for four-engine bombers as defined in January 
1939 expressly stipulated bhnet the number and arrangement of machine 
guns should be such that “complete prolection! could be effectively 
acconplished by "not more than three members of the crew." It would 
seen that three men were expected to operate all seven installations. 
That the contractor was expected to improve on tiis is apparent, however, 
in the clause stipulating: “vnerever remotely controlled guns are in- 
stalled, tie ccntractor shall Jesipn aad supply the complete sighting and 
coatrol system. uw 

‘erivht Fleld tests of He2h and Be24h armauent led to the opinion that 
the upper emplacement would be considerably i«proved by the application 
of power, at least for azimuth rotation; und French officials, probably 
influenced by the success of British aruanent, urged the development of 
a tail turret for Ucnsolidated equipment consigned to French military 
USEs 

In January 1941 Coasolidated was granted 3,960 for an experimental 
tail turret for testing at bhe sArmanent Laboratory as an installation in 
the 8-240, The Materiel vivision negotiated a contract for 73 such tail 
turrets in Mey 1941, but it was not until the following September that 


the first test model arrived at aright Field.” 


4, Specifications, Consolidated XE-2h Contract ac 12436, in Arn. Labs 
file. 

Lh. Chief, Contract Sec. to Consolidated, & Jan. 1940, cross reference 
in ATSC 473.5, General; and statement of Lt. Gol. He kw Goll, Arne 
Lab. to it. Ie 3. Holley, Jr., “TSC Historical Office, 10 Cet. 19Ab. 

5. A for P No, 175587, LO Jan. 1941; and ConsoLidated to uF Qu, 4 Sep. 
1941, in ira. Lab. file, L.0. 559=1~357. See also Contract 3535 
ac 18522, 3 May 1941, in See fontmacth tiles. 
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Eecause the Consolidated tail turret was an integral part of the 


~4 


5-24, at least in initial concept, the manufacturers scheduled to 
produce the E24. were notified that they would be expected to produce 
tail turrets even though this involved a duplication of tocling. 
Actually, neither the Ford Motor Conpany nor Consolidated, the two 
major B-24, facilities, intended to produce the tail turret in quantity. 
Consolidated planned to subcontract with the Southern Aircraft Corpora- 
tion of Garland, Oalif., and Ford planned to subcontract with the Lotor 
Products Corporation of Detroit, ° The decision to require E-2) prime 
contractors to assume obligation for the tail turret resulted in little 
more than a complete duplication of facilities, 

The uright Field tests on the initial experimental tail turret 
proved disheartening. Wot oniy were there a number of shortcomings of 
2 minor nature, but inadesuate attention had been devoted to space 
considerations, and only a comparatively small man could enter the 
turret in full flying equipment. Jump card tests showed excessive 
dispersion, the hydraulic control valve allowed an appreciable creep, 
and no provision had been made for a heated=-suit outlet, hot air duct, 
trouble lamp, interohone, or oxygen systems. These items could be 
installed with a minimum of engineering difficulty, but only a complete 
redesign could overcome the size limitation. 

Another fundamental weakness, one which did not appear in the first 


trials, lay in the azimuth drive. The Consolidated tail turret drive 


6. Memo, Chief, .m. Br. (.jash.), to H. E. Boyer, OF‘, 9 June 1941; 
and Ti, Res..ep. SFO to kD (uF), 16 Sep. 1941, in ATS? 473.5, 
General. 
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system consisted of an external hydraulic pressure source, @ reservoir, 
pump, and accumulator with feed and return lines introduced through 6 
swivel joint to the moving turret. 4 four-wy, joy-ctick-controlled, 
hydraulic valve determined the flow to a simple hydraulic jack for 
elevacion and the flow to a simple, fixed-tilt, reversible, Vickers 
motor for azimuth drive. At this point, however, the difficulty appeared. 
Instead of gearing tne motor directly turough a positive sear train to 
the moving turret, tne designer had the cotor operate a drum from which 
steel cables ran in opposite directions about the turret. This arrange- 
ment, designed to obviate the use of a ring gear with 411 its attendant 
manufacturing uifficulties, was ingenious; but it brought more troubles 
in its wake than could have been anticipated by Consolidated. Every 
change in temperature changed the tension on the cable system and control 
became erratic with a disconcerting silackness in the neutral areaa! 

As soon as the serious nature of the turret's shortcomings becane 
evident, both Ford and Consolidated were notified to hold up production 
until satisfactory modifications could be made in the tail turret to 
produce an acceptable version.” “inile Consolidated prepared to modify 
the faulty original turret, the Contract Section of the Materiel Division 
reouested Emerson to estimate the cost of a complete redesigns 

An Buerson engineer studied the tail turret at wright Field and 
reported that all the existing discrepancies could be removed save the 


nn pe CN 


7. Tix, Chief, KL (uF), to AC Kes. ep., Consolidated, 27 Sep. 1941, 
in firm. Lab, file, 2.0. 553-1-3575 and Leno Rpt., Javy Buser, 
2 Oct. 1941, in Aru. lab. file, Confidential Vorrespondence, folder 
3, 1941. 

8. Tk, Chief, PES to Chief, Js (vash.), lL Oct, 1941, in Arm, Lab. 
file, Machine Gun Mounts 1941, 
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Consolidated tail turret mounting twin cal. .50 
machine guns, Installed in the tadl of a Be2,, 1944, 
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limitations on size. The original design had been curtailed by weight. 
Tne B-24 airplane designers had imposed an arbitrary load linitation, 
but after tie plane took shape and the center of gravity had been found, 
it was discovered that the weight restriction was set too low, 

The limitation on weight not only cramped the tail turret for size, 
but led to a ligat construction which impaired the rigidity of the mount, 
Tie inporLance of building a turret around a sight had been reiterated 
by the chief Frazer-Jash designer, but the Consolidated tail turret signt 
was so constructed as to transnit a large measure of the vibration set 
up by the guns in action, Finally, the emerson engineer pointed out 
that the excessive dispersion pattern of the twin .5u's resulted from 
the fact that each gun was carried on a pair of trunnions with diverse 
structural anchors, which fact resulted in a wide variation in degree 
of yielding and produced the vibrations fundamental to scatter patterns,” 

In 1940, French purchasing officlais, discussing turret designs, had 
suggested tne feasibility of introducing some for. of vibrating mechanism 
to obtain "splatter putterns" increasing the effectiveness of machine gun 
fire, The UMaberiel Vivision, having speat 20 sears avoiding dispersion, 
frowned on this suggestion, but the mere fact that the idea was broached 
gives some indication of the problens facing Armament Laboratory engineers 
in groping toward a rational and functionally correct tail turret design. !° 


If the theory of turrets, the objectives sought, and the definition of 


9, Chief, Contract Sec., iF to Imerson, 10 Oct. 19413 and Emerson 
Office liemo, 4. KR. Lardin, engineer to i. &. Symington, 30 Gct. 
A941, in arm. Lab. file, 2.0. 553=<1-357. 

10. Uemo Hpt., 225, 20 Feb. 1940, in Ara. Lab. file, £.0. 553-1-303, 
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performance charucteristics reuained obscure, how obviously difficult 
then was the role of the Uateriel Division's engineers in conceiving 
essentially fundamental design standards. 

\hen the diversified tnranufacturing basis of the tail turret made 
nodification difficult, the Production Engineering Section chief admitted 
that it probably would have been better had the Materiel Division arbi- 
trarily concentrated the tail turret manufacture in one place.’ ean 
while, valuable time was slipping away. Liberators bound for the United 
Kinsdom underLend-Lease needed tail armament desperately. British 
officials were anxious to accept the airplanes without major modification, 
and installation of Boulton-Paul in place of Consolidated tail turrets 
threatened to require many alterations. 

whatever may have been the inadequacies of the production planning 
on the tail turret, the manufacturers engaged in constructing the Con- 
solidated set about to improve it. Mechanical foot firing, external 
ammunition feeding, inproved accessibility to the guns, and a number of 
other minor modifications appeared; but, as an ixperimental “ngineering 
Seetion report pointed out after the lotor Products innovation had been 
tested, "the turret is fundamentally no different from the first Consolidated 
turret tested," dhe earlier turrets, the engineers believed, were actually 
better in some respects; and after all toe improvements had been added, 


the turret was "still an inefficient combat weapon due to the instability 


ll. Phone transeript, Lt. Col, Grandison Gardner, rm. Br., wash, and 
Cole he B. wolfe, PES, 10 Sep. 1941, in ATsO 473.5, General. 

12. TA, Chief, 1D (cash) to Asst. Chief, aF, 15 Cot. 19413 and Tux, 
iD Exec. Glash.) to Tech, Dxec. (\F), 6 Feb. 1942, in arm, Lab, 
file, EO. 553-1-357. 
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ef the gun mounts, sight vibration, and the lack of room," the major 
objection to the turret from the start.!? A Materiel Division critic 
was equally emphatic, saying, "After getting a good look at the type 
of armament work Consolidated is engaged in, I am thoroughly convinced 
that anything we do is an improvement." 

The Hateriel Division's opinion of the Consolidated turret was 
confirmed vhen, despite earlier reports to the contrary, the oritish 
‘Air Commission informed the division that there would be no further 
requirement for Consolidated turrets on Lend-Lease Liberators, since 
Boulton=-Paul turrets were to be used instead. ”? 

Despite the fact that the Consolidated turret was far from acceptable, 
the requirenents for its installation continued to increase, Tne demands 
from combat theater commanders for frontal turret protection soon made 
the use of a nose turrel inevitable. 4n expcrimental tail turret in the 
nose of a B-24 evoked an Armament Laboratory criticism that the installa- 
tion "could not be considered as a possible production installation due 
to the replacing of this tyne turret by the Emerson . . . improved type 
tail turret," and, furthermore, the Bendix iower turret, converted to 
chin use, provided tne "recuired frontal coverage at much less cost than 
an installation of the Consolidated turret 0° It is true that the 


turret 
Bendix chin /uade a much cleaner installation than did the Consolidated; 


13, Leno upt., 25, 5 May 1942, in Arm. Lab, file, 3.0. 553-1-429. 

lye Je Ge homers to Vol. F. uy Shanahan, io0, LY sup. 1942, in Arm, 
Lab. file, E.0, 553-1-373. 

15, TX, Chief, kb (.ash.) to MC (uF), 27 auge 1942, in Ams. Labs 
file, 13.0. 552-1-350. 

16. IG., Chief, Aru. Lab, to Chief, ura. Lr., Field service Sec., 
£5G, 20 tus. 1942, in Arm. Lab, file, 4.0, 553-1-357.6 
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but neither the Bendix chin nor the new aserson turret reached cuantity 
production as scon as had been anticipated, and Consolidated tail turrats 
were mounted as nose turrets to meet the immediate requirement, 

the flrst experimental Consolidated nose installations were made 
in July 1942, but no definite policy was decided for several months, 
In January 1943 the iateriel Center couplained that the nose turret 
project was ‘seriously hampered by lack of a statement as to the extent 


17 The Director of 


of protection desired arainst forward gunfire," 
Lilitary Aecuirements in Washington reduced the whole problem to a few 

18 
phrases: 

Several theater comaanuers have requested the Consolidated tail 

turret in the nose of 2-24 airplanes. . . .« In view of the 

recent Losses due to frontal attacks and the long delay before 

chin turrets are available, it is desired that the feasibility 

of installing Consoliuated turrets on a limited basis as an 

interin measure be thoroughly explored, It is not impossible 

that this turret would prove even more desirable than the chin 

turret, The maintenance and supply and training problems for 

F-24 units would certainly be simplified if this turret were 

used instead of the Bendix chin turret, 

The Consolidated tail turret, despite its unfortunate origin and 
confused evolution, came to prove its utility through a much wider span 
than was originally intended, The fact that the case of the Consolidated 
tail turret is probably most important as an indication of how not to 
build turrets, both from the standpoint of design anu of production, does 
not detract frou the usefulness of the product. There were a number of 


other turrets which, like Consolidated, entered the field late and either 


17. Chief, fra, Lab. to Tech, Exec., Eng. fiv., UF, 16 Jan. 1943, in 
fmo, Lab. file, 2.0, 55 3—1— 520. 

18, JSirector of 'ilitary heowlrements to Ghief, 0, 21 dan. 1943, in 
AAG 452.26, Turrets. 
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never developed past the experimental phase or came to production only 
arter the major turret manufacturers had perfected their designs and 
were in full production. Before summing up tne pattern of turret manu- 
facture as a whole, it might prove useful to consider these late-comers 
briefly. 

As early as December 1940 Curtiss, one of the carliest turret 
manufacturers, built a power turret for Navy use, but its design was 
so inadeauate that it received but scant attention by the Materiel 
Division.” Ferhaps more typical of the late arrivals was the case of 
the Uorge Division of the Borg-\arner Gorporation in Detroit, originally 
called upon by the armament Laboratory to consider the possibility of 
providing a substitute hydraulic drive for the Vickers unite 

After analysing the various existingturrets--Martin, Sperry, and 
Gonsolidated——Norge, assisted by 3. B, Henderson, the Frazer-Nash 
engineer, desirned a turret for Air Gorps use erbirely without reference 
to the hateriel Division. ihen the war curtailed refrigerator production, 
Norge began manufacturing Frazer-Hash turrets mounting twin .50's for use 
on Navy PT boats and turrets fer the Navy's $320 (the Air Corps A-25). 
This Navy turret interest was almost certain to influence the Norge 
turret concept unfavorably in regard to dir Corps recuirements. 

The ttateriel Division interest in dorge centered around the manu- 
facturer's capacity for Fesco hydraulic pump parts and the possibility 


of large-scale production on the British-used Dowty pump, then manufactured 


19. TO, Chief, Ord. Dept., iF to Chief, arm. Lab,, 5 Dec, 1940, in 
arm. Lab. file, Machine Gun hounts 1941. 


“ESTE 


THIS PAGE Declassified IAW EO12958 


This Page Declassified IAW EO12958 


hk S4 2 er 238 


by the Dowty Couiprent Company of Leng Island City, W.f. .ithout prior 
coordination with the tmmament Laboratory, “lorge prepared an experimental 
turrel, known as the Frazer-lHash Number 76, in the hope that it would 
warrant consideration, This was "a peculiar procedure to sa: the least," 
suggested a Materiel Division representative who was sent to study the 
developnuent. 

However, the Jorge turret was undoubtedly worth investigating. The 
division representative visiting the manufacturer's plant noted that 
White Lt is practically certain that wright Field will not even consider 
this burret for installation in the 5-24 tail, it does have some very 
interesting features which sight be utilized in future designs." The 
turret of wood panel construction required no booster systua because the 
anmiunition boxes resbed on the axis of the puns, wiien were at imer levei, 

There is, of course, no way of proving that the uwserson turret knee- 
level puns were nol independeitly conceived, bub tie relationship, real 
or apparent, is sufficient to sugrest the utility of the imuanent Labora= 
tory policy of considering every offerins, no watter how far-fetched, on 
tne chance that it might contain the germ or some busie innovation. forte 
seemed to have exactly this in mind in seadin:, 4 dubailed description of 
the ney turret to the Chief of the Lateriel Division "with the hope either 
in its pasic design, or in one or more of its cosponent parts or usseubiles, 
there will be fcund a contribution of value." Unfortunately for iorge, no 


Air Corns reouirenent for the proposed turret ever materialized, 


20, Worge to ¥D (.iF), 22 duly 1942; 5. B. Henderson to'D GF), 22 Sep. 
i94U; and Leport cn Eorg-.arner Turret by Gant. Le Ee “lott to 
Col.. J. T. Murtha, 10 Nov. 1942, in Arm. Lab. file, 2.0. 553=-1=3,3. 

21, iorge to HS (ashe), 32 larch 1943; and Chief, 1.0 (cF) to AC/AS, 
USD, 24 Lprid 1943, in 246 452.26, Turrets. 
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Another turret which was important to the Lateriel Division more as 
an influence on design than as a production item was that consbructed by 
the Ford Instrument Company of Long Island City, N. ¥., not to be confused 
with the ford Motor Company's turret on subcontract to the Votor Products 
company. In Judy 1941 the Chief of the Armament Branch in ‘Jashington 
informed tae Zxperimental Engineering Section of the Ford Instrument 
turret being installed in a PEt at Norfoll: by the Navy's sureen of 
Ordnance. The turreb was reported as "novel aad very promising," incorporate 

ing a gyroscopic control and sight stabilizing element.” 

Tne Ford Instrument all-electric, gyro-stabilized turret mounted a 
single .50 anu was capable of azimuth speeds up to 0° per second, The 
wavy declared thut the turret had “eritorious features . ...« probably 
not attained with any other turret," and the report was so favorable that 
the Uateriel vivision was anxious to continue the project. At the time, 
however, there were other interests conpeting for attention. 

4s late as May 1942 the chief of LES wrote Dr. 5S. H, Caldwell, a 
member of the National Defense esearch Committee groug/Lassachusetts 
Institute of Technology, that the subject of turret stabilization had 
been discussed at Lright Field and approved for investigation, but 
noteds:”” 

Tnere is virtually no possibility of conducting tests at the 

present time because of the extreme urgency of other tests 

projects involving ¢owiprent now in produccion. .. . while 

turret stubilization is considered an important project, all 


such hivhly experimental problems are being held up until the 
present peak of work has passed, 


22, IC, Chief, 4mm. Br., wash, to Chief, ELS, 31 July 1941, in 4G 
473.5, Lounts. 
23, Memo fipt., 5b5, 20 hug. 1941, in ATs0 473.5, General. 
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No nore graphic proof of the difficulties facing the Lateriel livision 
could be found. ,jnen the initial experimental and development phase 
ran into the preduction phase, 4 bottleneck of trained personnel was 
inevitable. The engineers who mignt best have been occupied in pushing 
forward research projects such as stabilization were nearly inundated 
with the work of testins current production models. The Chief of the 
Veteriel division, 12D, was fully aware of this problem, but at the 
time there seemed to be no escape. 

Another avy project which interested the ateriel Uivision was 
the Erea, Enpineeriag esearch Corporation, turret, In January 1941 
llenry Berliner, aa aircraft desipner and head of tae firm, convinced 
the chief of the division that Lrco would make an ‘excelient source" 
for turrets and arranged for a conference of breo engineers at wright Field 
to uiscuss turret design.” In October 1941 a Navy test of the Lrco upper 
pall turret revealed the usual defects of experimental turrets, jerky 
motion, uncomfortable hand grips, and poor accessibility; but it was withal 
a "yery well designed, cleanly constructed, and efficient machine gun 
turret" with an extrenely wide range of travel comparable to that of the 
Sperry Lower pal.” 
The Wavy ordered the Erco turret in quantity and began a project to 


build a twin 20-mm. turret with a self~contained gasoline power drive 


2h. Eek, Chief, MD (2. -D) to Chief, sequirements Div., OC&R, 7 april 
1943, in AAG 452.1, Pursuit Planes. See also Uase History, «P-71, 
Oct. 1944, in aTS0 HicLorieai Office. 

25. TA, Unief, LD (.ash,) to asst. chief, 1D GF), 13 Jan. 1941, in 
att. Lao. file, lachine Gun Lounts 1941. 

26. Apt. to, 1056-41, Ord. Insp., Navy Proving Ground, Dahigren, Va. 
to Chict, Buord, 31 Cot. 1941, in ibid. 
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and suyercharged cabin for the c35-1; but the wateriel Vivision was 
unable to utilize the reco design because it was too heavy and was 
powered with a Vickers unit, which offered no escape from the already 
critical drive bottlenecl.”" 

There were turret manufacturers or would-be manufacturers other 
than those working for the wavy with whou the Materiel Division was 
concerned, The Ficneer Instrument Uivision, a sendix -viation LCorpora~ 
tion subsidiary in Ecadix, .i. d., furnished a case in point. In January 
1941 Fionver inforaued the Vateriel Livision of plans to develop a twin- 
»50 spherical turret for delivery in six months. In Lay the division 
approved & .33,000 experlvental contract to procure tae turret, an 
autosyn control drive witn external aumunition feed and a coxnputing 
sircht. In February 1912 Pioiwer expected to couplcte the turret the 
following April. Inlay 1943 the tmuascedh Laboratory recommended closing 
out the clomer expenditure order efter nine months had passed with no 
word of progress frou the manufacturer.” Net all the late-comers to 
the turret field, however, dwindled down to such o dismal end. Im fact, 
soue of the last to enter the business gave creat promise, 

Tre United Shoe Uachinery Corporation of Boston, Lass,., for example, 
eatered the turret field in the spring of 1941, after a conference at 
tae Lrmanent Laboratory outlining the objectives sought. From the very 
berinning United thoe decided to concentrate on the oroblem of pressuriz— 


ing turrets rather than enter upon tne immediate production models, ven 


27. OTTH435, 30 bec, 1941; Memo apt., MES, 15 Jan. 1942; and ICN, Chief, 
Yu (.ash.) to Teche LXECe, HD (uF), 17 Jan, LIA, in ATSS 47305, 
General, 

25, Pioneer to 1D (.¥), 21 Jan. 19413 Contract :535 ac 18767; and Neno 
apt., Jam. Lab,, 6 May 1943, in im. Lab. file, £.O, 553=1q@363. 
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pefore reaching # contract arreement, it authorized an initéal company 
expenditure of 2,500 to shape up tenative plans for a pressurized 
system.” 

In Septe ber 1941 the Ansement Laboratory initiated a series of 
studies to analyze the problem of turret pressurization and recommended 
a policy of circulating the results of these studies throughout the 
tactical units in the field as well as turret manufacturers for criticisa 
before engaging extensively in develormentsi work. This recommendation 
marked a forward step toward improved liaison with service units and 
suggested an important proeedure for tue future. Shortly afterward, in 
October, the Materiel Division negotiated a 450,000 contract with United 


30 the 


Shoe for an experinental twin 37-mm. cannon pressurized turret. 
United Shoe enrincers canvassed the possivilities of the turret field, 
but apart from a few ventures in manufacturing power mounts or assisted- 
motion mounts similur to the Bell Aircraft Company hydraulic booster 
for flexible guns, they concentrated their activities on pressurized 
turrets.°~ 
Among the turret manufacturers who never secured large-scale turret 
contracts with the Vateriel Division, one name reours repeatedly-—the 
ve Le I'axson Gorporation of New York, As early as January 1941 the 
division asked Haxsou to consider providing a Laxson drive for turret 
use. Tne Maxson unit consisted of a low-torque control motor which 
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29. United Shoe to KD (uF), 12 June 1941, in dru. Lab. file, EO. 
553-1-341. 

40. Meno Rpt., 255, 29 Sep. 1941, in ibid. See als> Contract «335 
ac 21870, in ATSC Contract files. 

31. United Shoe to Curbiss-.right, 15 Dec. 1941, in Ama. Lab. file, 
Lachine Gun Jounts 1941, 
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regulated the speed of a high-torque drive motor by using two hydraulic 
pumps braking the power drive througu differentials.” 

Nothing ever cane of the Maxson torque anplifier, but in August 
1941 the Armament Sranch in j;ashington informed wright Field of a Maxson 
control "considered to be the vost interesting development yet made," 
designed for the Brewster (cs2A aireraft destined for export to the 
Duteh, Originally Srewster had relied upon Tucker for 4 power turret, 
but when Tucker's turret failed to materialize, Maxson undertook the 
developments?” 

Perhaps the most appealing feature of the Vaxsoa turret drive in 
Cctober 1941 was the fact that it did not require 4 large ring gear, 
the bugbear of almost every turret manufactured at that time, Further~ 
more, Maxson anticipated a capacity of 1,000 drive units per month, with 
a mere 7150,000 teol expansion. In the fall of 19h4islnost any drive 
with such a production promise might have been worth considering in view 
of the desperute need for drives for Bendix, Gmerson, and Sperry products 
when both the amplidyme and Vickers units became critical, 

Tne Maxson turret drive, a Vebelt control with infinite speed varia-~ 
tion, derived from adjustable pulley sheaves determining the linear speed 
of the belt proportionally to the radius at which it turned, held con- 
slderable promise as a turret drive. The Vaxson experimental turret 


built around the V~belt drive was, however, a heavy, extremely buiky 


32. Maxson to lp (7), 10 Jan. 1941, in Am. Lab. file, 2,0, 553~1-343. 

33. Tix, Chief, tra, Br. (vash.} to Chief, “Bo, 1e Aug. 1941, in Arn. 
Lab. file, Secret Correspondence, folder 2, 19413; Memo Hpt,, EDS, 
6 Cet. 1941, in Arm. Lab. file, Machine Gun Lounts 1941. 
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apparatus which had about as auch chance of survival in the Air Corps 
aa the ale turrete?* 

Still another Maxson enterprise appeared in vecember 1941, when 
the Arnament Laboratory arranged to purchase an electric drive for 
13,425. This unit, like its predecessor, received an initially en= 
thusiastic approval by Zmerson engineers, who regarded it as being’? 

as promising as any of the electrical drives encountered to 

date. It has a number of advantages over the amplidyne drive 

in that it is much sivpler, can be made of substantially 

standard parts, end its weight is in tae order of one-half 

that of the anplidyne., Its sensitivity is not as freat as 

the amplidyne, but it is believed that it will be satisfactory 

for the turret application, 

Unfortunstely, the Maxson electric drive, a pulsation field control 
system, did not prove very adesuate wien tested, and the type was limited 
to use in trainer turrets built by the Jrocker-heeler Tlectrie Lanufac— 

6 
turing Company of dew J ersey.” 

One of the most interesting of the many turrets which never came 
into production was the project of Airarms, a Vesa jirplene Company 
subsidiery. In July 1940 4 .estern Frocurenent vistrict enpineering 
officer reported the developaeit of an armored, pressure-cabin power 
turret. ‘The ingineerine Section enief requested further information, 


commenting that this turret "looks pretty good,'"' In Cetober the | ateriel 


Divisio. pushed Sicarms for a proposal; but the swanufacturer replied thet 


2h. we L. Haxson prospectus, Brewster-l.axson turret control, Model 313, 
in Arn. Leb, file, L.0. 553-1-343 (Oversize); Chief, HPD to Chief, 
Pig, 2 Cet, 1941, in Ari. Lab. file, Confidential Correspondence, 
folder 3, 1941. 

35, A for F No. 121571, 9 Dec. 1941; and Emerson to MD (..F), 21 vec. 
1941, in Arm. sab, file, B.C. 553-1-410. 

36. Memo hpt., 223, 13 Jan. 1942; and Imerson to tw (iF), 28 Feb. 1942, 
in Ama. Lab. Pile, H.O. 553-1410. See also #535 ac 19444, in ATSe 
contract files. 
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the turret was still in the experimental stage, with engiaeering bugs 
to be ironed out. <Adraras was so confident in tne essential soundness 
of tne turret design thay the coupaay was perfectly willing to invest 
& large ancunt of money in the unresunerative stages of development in 
the hone of future contracts.” 7 

In January 1941 the Lateriel Division warned Airarms that it would 
be necessary to make a quotation to permit procurement in the current 
fiscal year. In Harch the manufacturer claimed to be 100 per cent 
tooled for production, but the first turret did not reach uright Field 
for testing until vay? 6 4fter such a prolonged build-up the Armament 
Laboratory could do littie but anticipate a remarkable turret, 

The Airarms turret was indeed remarkable, for it represented an 
attempt at 4 single-handed solution of wost of the major problems facing 
turret desisners, ‘The basie bell desiyn gave a wide range of elevation 
as well as azimuth movement, the pas recoll<onerated ammumition booster 
systen was a novel anproach to 4 vexing problem, and the prismatic 
double-ended sight for alming past obstructions, in appearance not un 
like a navel range finder, were all ingenious even if not entirely 
satisfactory solutions to fundamental turret reguirenents, 

Loove all, the Airams drive was an unusual contribution. It con~ 


sisted of a constant-sneed motor with two opposed friction clutches for 


two-directional speed controls, The oprosed clutches prevented coasting 


37. Eng. Officer, uPD to LD ( F), 18 July 1940; and Airarms to ko 
(.F}, 3 Oct. 1940, in ara. Lab. file, Machine Cun Mounts 1940. 

38. TM, Chief, Uu( .F) to Sirarms, 9 Jan 1941; and Airarms to MD 
C.F}, 26 Maren 1941, in ibid. 
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after disengagement, for movenent past neutral introduced a reciprocal 
motion, Cne of the advantages of the drive lay in the fact that it 
delivered maximum torque without regard for clutch positions approach— 
ing low speeds, The Uateriel Division considered the Alrarms project 
sufficiently worthy to promote and negotiated an exnerinental contract 
for 215,000 to continue development by Adrarms.?” 
Adrarms engineers tried to remodel the turret to overcome the 
najor objections noted at right Field. The turret sheathing obscured 
large areas necessary for scanning, tne drive motor was improperly 
ventilated and overheated arter five winutes at full load, the maximum 
azimuth slewing sneeds were too slow, aad the minimum tracking speeds 
pere too fast.4° when Airarns had little success in ironing out these 
difficulties, the Armament Laboratory turned tne project over to the 
Tnerson facility in the hope that Eserson might have more success in 
converting the turret into a production prototype. 
Unfortunately for the future success of the Airarns project, 
timerson engineers were little more successful at i:iproving the turret 
than Vera had been. Jespite careful theoretical and empirical redesign 
of the clutch system, it wus immossible to secure azimuth speeds low 
encugh to trach efficlertly. A scar reducer on the clutch output, a 
planetary gear reducer between drive and clutch disks, and idler disks 
in the clutch were all ineffcotive. There were, hovever, enough features 
of interest ard value in the .drarns design to make it worthy of continued 


study. 


39. ‘Technical veseription of Jararus vrive, 13 Jan. 1941, in Ami, Lab, 
file, E.G. 553-1~343. See also AieO Contract File .535 ue 201040, 

40. Meno kpt., ZL3, 25 June 1941; anu lau kpt., i235, 21 tug. 1941, 
in Aru. Lab. file, 2.0. 553-1-376. 
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The Lirarms turret wis heavily armored, the prismatic sight promised 
to be a remarkable contributicn whea perfected, and the turret possessed 
un unusual de-ree of down fire, a low drag coefficient, and an inyenious 
arranveneat for lever action charging. ALL these itexzs notwithstanding, 
the oasic drive desivn was far from acceptable. > 

Lmerson decided that only a counletely new drive would ever rescue 
the iraras turret frou the junk heap, so an agreenent was negotiated 
securing the rights to manufacture Geie anplidynes at Snerson for a sum 
of .25,000. Tne fate of the Lirarms project was probably sealed when 
the standard 530-watt anplidyne proved insufficiently powerful to drive 
the turret, and G.=,. anticipated a five-month delay in developing a 
heavier explidyne with increased output. The critical need for turrets 
in Jaruery 1942 induced the Vateriel Division to press the Airarms pro- 
ject in spite of ali its obvious defects, but by June increased turret 
output by other manufacturers made even the promise of future improvement 
in the Airarcs turret seem insufficient justification for continuing the 
project.” 

Firing tests of the Airarms turret with alternate anplidyne and 
Maxson electric drives revealed the usual accessory troubles, inadequate 
boosters, etc,, cs well as excessive power consumption, ‘arly enthusiasm 
for the Airarms design had led to tentative procurement plans in a letter 
contract to swersoa for 630 units in danuary 1942, but by October of 


that year Goerson was doing an "absolute minimum" in development work 


because the project had been shelved for more promising designs. 


Ll. lMemo Spt., EGS, & Nov. 1941; and emerson to LO (iF), 14 Nov. 1941, 
in ibid. 

42, GL. to Lmerson, 7 dan. 1942; and Emerson to C,E., 23 dan. 19/2, 
in ibid. 
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The original Authority for Furchase on the Airarms turret called 

for a +10,000 allocation of funds, but by June 1942 Emerson reported 


expenditures totaling more than -9h,,0000? 


The Froduction Engineering 
Section pointed out that a cuanbity contract on the Airarms turret 
would be based cn the assumption that the turret would be suitable for 
use in production aircraft. Furthermore, predicting the use of central- 
station fire control by June 1944 and allowing nine months tooling time, 
a margin of but nine months remained for production, which seemed in- 
adequate justification for pushing the Airarms project further. The 
Experimental cngineering Section disagreed with the PIS viewpoint. The 
section chief was convinced that the sirarms turret represented an 
engineering achievement: "As of this date, the Vega turret is superior 
to any of the present production turrets." Furthermore, tne chief of 
nbG doubted thet local control turrets would be outmoded by June 1944, 
and, if successful, the firarnvs turret would be of tremendous value in 
relieving the Vickers unit shortage. 

when the 750-watt auplidyme project ran into protracted delays at 
Gets and Martin-Cnaha anticipated a delay in Martin turrets, the Materiel 
Division shelved the Alrarms project entirely and turned Emerson capacity 
ta Martin production. The Contract Section chief estimuted that the 
development costs of the abortive Airarms project would reach 400,000 


by December 1942. Against just such a contingency, sirarms sought to 


43. Xmerson to UD (.F), 15 June 1942; Kemo Rpt., 32S, 30 May 1942; 
and imerson to 15 (.F), 23 Cet, 1942, in ibid. 

4h. IG, Chief, PLS to Chief, Prod. Div., 15 June 1942; and ICh, Chief, 
=ES to Chief, FS, 24 June 1942, in ibid. 
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reach a settlecent with “merson. That tais money was not utterly 
wasted was attested by the eppearance of imerson's nose ball in the 
Be2htte *? 

Vepa, representing dirarus, claimed more than 2153,000 for develop~ 
ment costs prior to the time Muerson took over the project, but the 
western Frocurenent District contbracling officer held the opinion that 
the Vera claim was not wllowable and recommended that the sir Corps 
settle with Exerson and leave the Vega claim for direct neyotdatione "© 
ltegardless ot the outcome financially considered, the whole iirarms 
project is 4 worth-while study. It raises a aumber of problems of policy 
for future consideration, such as the contractual reLationship between 
such elements as amerson and Airarms, the fair control of design rights 
between competing manufacturers, and the utility of pressing development, 
in the face of successful. production in other lines, to perfect a novel 
desien. Lil these ouestions of policy were especially significant with 
rerurd to cuerson, since that fucility, unlike any other, played a 
conplex role in relation to alwost every other turret manufacturer, both 
ag a priae contractor ana as a subcontractor, building turrets for cperry 
and Lartia, Grumaan ilavy turrets, and nmersoa turrets incorporating .4, 
drives, 

Cf all the turret facilities, Kmerson was in an exeeptionally fauvor- 


able position to foster developuent, for as workhorse to tne other 


45. Leno, Cept, L. 5. sobinson,to Chief, Contract Sec., 10 Dec. 19h2; 
and “cerson to WW (LF), 9 Feb. 1943, in ibid. 

46. wre Contracting Ufficer to Lb (.F), 14 Dec, 1943, and Everson to 
Veca, 9 Jeb. 1943, in ibid. 
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manufacturers turning cut arbia uppers, Sperry wepers, and bail turrets 
on a proguctioa Line basis, merson could study large-scale production 
methods at first hand and translate this information into desica dabas 
In addition to production contracts for zperry ana Martin, the engineer~ 
ing role of Cmersoa in developing the ius ani ise uwirems turrets helped 
to train a cepable staff in the idiosymeracies of turret desig. 

In august 1941 the evolution of Nevy pubrol planes gave indications 
of a future reouirenent for 20—0m, and four-cun wachine-sun turretse 
[fforts to arrance an Aroyelavy standardization weetiny led to the usual 
bickering as to where the meeting should take place--with the Wavy in 

ushington or at wright Field. On this particular occasion the Lateriel 
Division won the srrument inasmuch as the larger part of the turret busi~- 
ness was in division hands. 

4 joint Army-Navy committee agreed to project a four-gua pressurized 
turret vith &@ computing si-hnt, 2,000—round ammunition capacity, one-inch 
armor plate, and possibly a 120-volt electric system, Tentative require- 
ments for this turret were sent to <merson, which embarked on a long 
period of turret developmen hell 

Utilizing the anthropoloeical analysis of turret designs made by 
Frofessor i. i. Hooton, the Harvard anthropologist, Liserson set out to 
perfect a pressurized turret 4% The original Gsersoa turret facility 


pp prereset if PS SS SPSS Sr SS 


AY. GL, Shief, irc. or. (Jach.) to viele, CLS, 13 Aug. 1941, in Arn. 
Lao. file, Zeeret Correspondence, folder 2, 19413 T,X, oKec., 
Navy Bu0rd, to Tech. imec. (.F), 6 vep, 1941, et sea., in am. 
lab, file, Cenfluential Correspondence, folder 3, 1941. 

A>. "Preliminary Jerort on adaptation of certain types of gun turrets 
to various sizes and builds o1 gunners," by L. i. Hooton, 
Harvard University, 24 sep. 1942, in ibid. 
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had been desigaed for production rather than experiment, and the Arma- 
ment Laboratory cuicf objected to swerson's application for funds to 
coxstruct an excerizental laboratory, However, the relationshin between 
producticn metnod studies and experimental design was so close that the 
plan seewned entirely feasible even if it did represent a certain dupli- 
cation of existinre facilities. Laboratories on Long Island were useless 
if they could not improve preduction methods in St. Louis Raed Leanwhile, 
vith the existing facilities, urerson engineers worked along several 
lines of cevelopuent., Inasmuch as it was apparent that the pressurized 
turrel was sarpely experimental, possibly nothing more than a hedge 
zgainst the future failure of centrali-stetion fire control, Hserson 
perfected 2 production item, an entirely new nose or tail turret, to 
replace the intrinsically ilJ-designed Tonsolidated products 

The Imerson turret, en amplidyne drive, twin .50, incorporated 
many of the best features of turret desirn known at the time and some 
entirely novel elements. It had accessible guns, external feed ammunition, 
boosters with emergency manual operation, manual operation for both 
azinuth and elevation movements, a lever-action charging mechanism, and 
a plate of bulleteresisting glass on a chain and sprocket drive so con- 
structed cs to remain always at an angie to the runs. Tne initial 
anerson turret appeared in February 1942 but did not begin to reach 
production until the summer of 1943, when a maximum of 250 turrets per 


0 
month was anticipated for tne following September.” 


49, Memo by a. S. Sywington, 5 Uov. 1941, in Ari. Lab, file, llachine 
Gun Hounts, 1941. 

50, Chief, LD ((F) to Chief, Navy Buster, 25 Feb. 1942, in ALG 473.5, 
Younts. See also Daily Log, Development ong. ar., tia, 17 July 
1943. 
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A little more than 4 year after the nose ana tail turret appeared, 
amerson perfected another turret, the nese bali, to provide a low-drag 
turret for the E-2hG nose position. ‘The new desien indicated, perhaps 
nore than any other ilinstration, the ubility of coordinating manutacture 
ing with experimental work und the value of prolonged experience in 
turret developnent york, ?- However, the perfection of turrets as the 
war progressed was Inevitable. The real battle of the Armasent Laboratory 
feii in that period whea the power turret was leadiag up to production. 

By Jenuary 1943 .merson had undertaken production on nine different 
contracts vhich, consolidated into a4 single Air Corps ecntract, totaled 
more than 1193 ,000 C00. >” Martin production contracts in February 1943 
exceeded °50,090,000, and in tue following month sperry, Brires, and 
wteel Products together heid production contracts totaling wore than 
25,000,000. seadix and veadix subcontractors neid contracts in the 
neighborhood of ., 409 690,000, ven as early as May 1942 the battle 
of turret proauction had really been wons the Freeuction ongineering 
weetion could report trat "in most cases . . . bhe production of gun 
turret asee.olies is ahead of actuas recuirennts.! oy the end of 
1944 the ircanent Leborutory hud accumulated « total ot nore than 70 


turrets, co.e of them production rodelo and many experizenbal models, The 


51, itiersen to Ghief, .ra. Leb,, 22 Cet. 1943, in arc. Lib. file, 
BeO. 553+1-562, 

52. See 11535 ac 31692, 0535 ac 2643, and supplexent 1, in «20 Coatract 
files, 

53, Gee 1.535 ac 21965, 1535 ac JOKS2, 1535 ac 36426, 535 ac 1OIA7, 
1535 ac 22712, 16535 ac 3592, and 535 ac 37059; see also .535 
ac 15773, 535 ac 16906, 1535 ac 21976, «535 ac 24631, 535 
ac 30436, among others, in ATSE Contract files. 

5h. Cidel, FUS to Chief, Production Control cec., 15 Lay 1942, in 
ATG 473.5, Gun ‘lurrets 1942. 
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power turret had reached the point where it was an accepted fact. the 
B+26 carried a single upper turret, and 4 powered tail mount. The 

B-17 carried upper cad lower turrebs, a chin turret, and a powered 

tail mount. The 3+24 carried an upper and a lower turret, a nose 
turret, end a tail turret; and the 2-29 was to appear with two upper 
and two lower turrets and a poner mount in the tail, chile reouirements 
increased, and many problems remained to be solved, the task became 
largely one of applying enrpinecring talent and industrial capacity to 
meet specitic situations. The critical problem in turrets occurred not 
during production, whieh was essentially similar to any other industrial 


project, but rather during the period of initial developuent. 
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CO TCLUSICAS 


This study has been written as a critical analysis of a representa- 
tive crmament problen and not as # record of achievenient, however 
remarkable that record may have been. The summary of power turret 
evolution presents @ recurring pattern of problais which, whea extracted, 
isolated, and investigated, may prove of utility as a body of adsinistra- 
tive experience for the future guidance of those charged with directing 
armament developcent for the army fir borces, 

The record of the past 25 years seems to indicate conclusively that, 
more than eny other organization, the jrmcment Laboratory must carry the 
burden of armunent development during the years bebween wars. Coamercial 
rivalry will, in a large measure at least, insure the continual, if 
graduzl, perfection of commercially useful engines and airframes. But 
armament, unstinulated by peacetime recuirements, is almost certainly 
destined to fatal nerlect unless exphasized from within the air force. 
The inferior position of the Araament Laboratory with regard to funds, 

personnel, and equipuent in contrast to the other uright Field labo~ 
ratories in the 20 years after orld .ar I seems to Indicate that the 
Hateriel Division did not recognize this necessity. 
If the Armament Laboratory, more than any of the other laboratories, 


is going to carry the burden of responsibility for a specific line of 


254, 
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development, it follows that there must be a detailed definition of the 
Armament Laboratory's role in relation to that developrent. During the 
power turret's evolution the exact neture of the Laboratory's responsi~ 
bilities were vasuely and inadeauately defined. Before launching into 
a new era of engineering enberprise which will thrust a large measure 
of responsibility for the army Air Forces! combat effectiveness upon 
the Ar-vament Leboratory at wight Field, the record of the past should 
be considered as an aid toward the formulation of a highly detailed 
elaboration of the Lzvoratory's fubure responsibility. 

Perhaps the greatest single failure which is apparent in the develop- 
ment of power turrets lay in the fact that there was never any adequate 
system for analyzing the basic aircraft armament problem, Gn occasion 
Visionary individuals or boards of spirited officers did grapple with 
the philosophical or theoretical aspects of the immediate probiem in 
hand, attenpting to ceneralize on the ends desired; but no formal machinery 
existed to insure a systematic and periodic analysis of the ultimate 
objectives soucht, For years the prevailing doctrine of flexible gunnery 
was that the majority of pursuit attacks would come within a narrow cone 
to the rear; yet each successive borber dow to the very outbreak of war 
appeared without tail pun installations. In short, the record reveals 
that the actual armanent provision for bonbarduent aircraft was an inherent 
contradiction of prevailing doctrine. Before the 4rmament Laboratory can 
hore to establish a rational plan of development there must be a defini= 
tion of objectives. These objectives mist be subject to re-evaluation 
and questioning at aefinitely prescribed, and periodic intervals, ‘iithout 


such a definition of objectives and a perpetual revision of the definitions 
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to keep abreast of the times, even the most remarkable technological 
achievements may be relatively fruitless. 

There remain a number of other factors to consider. fmong the 
several primary linitations retarding the evolution of power turrets 
was the prevailing inadequate liaison between the Yateriel Division and 
the tactical units in the field wnich used the equipment being developed 
by the division. .ithout an understanding of tactical resuirements, the 
division was admittedly av a Loss to understand tne immediate requirements 
of the service. It follows that the division cannot expect to fulfill its 
role effectively mless it continues to perfect the machinery of liaison 
with the operating units. 

Tne “Unsatisfactory werort" offered one possible svenue of coordina— 
tion between the /.rwanent Latoratory and the tactical unit, but the 
hitherto Liited aspiicatioa of the principle makes it obvious taut only 
an appressive policy will perfect that administrative mechanism to the 
point of primary utility. ‘the manufacturer's field representative in 
the conbet sones in wartime proved to be a useful direct dine from field 
to factory, Ine record of field-representative achievement in devin 
modificetion cursests the value of a careful study of the representatives! 
contribution to power turrets, 

“uite obvious]; there is no definitive ansser to the complex problen 
of improving linisea between the trctical units and the lisberiel Livisioa, 
but the case of the power turret sucvests that more abtention shouwla be 
devoted to the specific ouestions of coordination technique. If no one 
systes of Liaisoa is the stole anawer, surely then ib wonid prove profit- 


able to study all the methods of liaison and devote as much tine and 
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attention to perfecting liaison methods zg to the technical questions 

of armament. fhe definition of the euties of small boards of officers 
selected to evaluate 3 mock-up, the training of such boards, the prepara 
tion and circuletion of ouestionnsires throuvhout the service-—-these are 
all resronsibilities of rreater long-ranve importunce than the fate of 
any one specific technical ites. 

Hot only do the requirements of liaison impose an obligation to 
perfect the macninery of coordinating the activities of tactical units 
end the “rmament Laboratory in peacetime, but they stress the need for 
establishing & system for hichly efficient combat liaison with both air 
forces and allied units. This raises the probles of insurinre en adeauate 
system for sarnering end evaluating every possibic outside source of 
armament information, 

The prevailing lar of Air Corps armanent doctrine and practice cehind 
that of the LAF at the outbreak of .orld ar Il, clearly illustrates the 
linitations existins in the Armament Laboratory's methods fer studying 
foreign developments. hen the war came in Surope, Generai Arnold 
stressed the necessity of adequate armament inteLligence, but the time 
for establishing active foreign information services was a full 20 years 
past. The military attaches in foreign capitals had performed excellent 
service in recording foreign trends; but few ettaches were armament 
conscious, and Little or no formal organization existed in the érmament 
Laboratory or elsewhere at Upright Field to benefit from their iabors. 
Success in the perpetual conpetition for armament sunremacy could never 
be expected until at Least scme effort had been made to improve attache 
technical reports, to provide for systematic search of international 
patent files, and to taprove the degree of coordination with naval and 


industrial innovations. 4 
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nyen the finest reporting services available would be to no avail 
if no effort were made to improve the research technique employed by 
the Armament Laboratory. The record of Hateriel Division turret develop~ 
ment bolstered by British practice seems to indicate that the best results 
are obtained if research projects are delineated, subdivided into workable 
units, and assigned to individuals or small groups of individuals devoting 
their entire attention to the projects in hand, The success of such a 
system leans heavily upon frequent coordination of all groups and periodic 
evaluation +o consider whether progress justifies continuance or rejection 
and vnether or aot the objectives initially delineated continue to fulfil 
a tactical necessity. 

fne concept of the research tean raises the major problem of defining 
the role ot theiruament Laboratory at wright Mield, LTxactly what is the 
role of the Laboratory? It is the monitor of projects in industry and a 
clearinghouse for ideas and revuirenents derived from foreign reports and 
the comments of taclical units. Ideally, the irmament Laboratory should 
focus its planning toward its ultimate wartine role, remaining always 
ready to expand without dislocation to meet the pressure of the emergency 
for which it exists. 

Organizational flexibility sufficient to cope with the task of 
monitoring the projects of a large~scale industry in vartime implies a 
wide range of advance peacetime planning. The record of power turret 
development fives arple evideace of the necessity for establishing contact 
with and educating manufacturers long before the time for quantity pro- 
duction arrives. Smali peacetine experimental contracts give a higher 
order of assurance o. results than do wartime contracts because the 
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leaner the prospect of production, the more zealous will be the designer 
to perfect his project, 

Not all educutional efforts need be contractual. The Secrecy Agree~ 
ment doubtless curtails the process of industrial familiarization; but 
even within the framework of that lisitation, carefully organized design 
ecoupetitions would go far toward familiarizing industrial designers with 
the realities of 1{F reauirements. Likewise, tne process of industrial 
education carries with it the absolute necessity of a frequent and 


periodic revision of the Handbook of Instrucbiogas ror Jirplane vesigners 


and of type specifications to insure minimum standards entirely in line 
with the sout pro,ressive existing practices. 

4 realistic aporoach to fubure wartime expansion and acceleration 
requires advance plarnnine for contract and subcontract putterns. The 
tine lost in building up suscentracting coasplexes on combinations of the 
sort betind the operry organization surresis tie necessity of correlating 
such an organization long before the production phase bemins., 

Siailarly, the varbime experience of the :merson facility deuonstrates 
the utility of research and experimentation in direct conjunction with 
Large-scale industrial production end sugcvests that the pericd of active 
experimental fabrication ab the Armament Laborubory itself is paste 
Increasingly the lrmamnent Laboratory must shift its euphasis to tech~ 
nological supervision and methned analysis. If the complexity of modern 
armament development iavoives a scale and scope of industrial facilities 
far beyond the physical research and experimental resources ab right 
Field, the irmarnent Laboratory must molu its function to meet the new 


situation. In short, by way of rraphic illustration, if the trend toward 


Whe 
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electronic control of armament apparatus involves the necessity of 


+ 


coordination with the Aircraft Sadio Laboratory, then the analysis and 
perfection of the system of coordinstion with that laboratory becomes 

a function of the armarent Laboratory of equal importance with the 
technical perfection of the acvaratus being designed, The record of 
power turret evolution up to .orld iar II shows the necessity for the 
reriodic re-evaluztion of the existins organization and of the objectives 
soupht, parallel to the routine perfection of technical equipment. 

It is too easy to explain away shortcomines and insufficiencies on 
the basis of inedecuate funds, The remarkable achievements of the srma- 
ment Laboratory in \.orldi.ar IIT become proportionally Less surprising 
as the avaliable funds increase. Technological advances, franted un~ 
limited resources and enrineering talent, become Little more than a 
question of time, Luring the years of peace between wars, when time 
is less critical and funds are more critical, the organization's technicue 
must be perfected to extract every possible element of usefulness from 


the avaliluble resources. 
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GLOSSARY 


aAr Army Air Forces 
BLG aLY Adjutant General 
AG Air Corns; also alternating current 
LG / i Assistant Chief of Air Stair 
ADS dmerican Expeditionary Force 
a for F Authority for Purchase , 
Alin Assistant Military Attache 
ANB &rmy-Navy-british 
Arms Arnanent 
aS alr Service 
ASe air Service Command 
AG Assistant Secretary of jar 
alot Air Teshnical Service Command 
Bic British jar Commission 
Bre Branch 
Duier Bureau of .eronautics, U.S. avy 
Budrad Bureau of Ordnance, Us. lavy 
C/A Chief of the Air Corps 
CFG Centralestation Fire Control 
CG Commending General 
v8) Commanding Officer 
CeP a Circular Proposal 
GF Gentral Procurement District 
UTE Cli.ssified Technical Instruction 
3 Direct Current 

Dire Director 
Dec Defense Flant Corporation 
EXS Experimental Engineering Section 
milge Engineering 
LeOe Ixpenditure Order 
EPD Hastern Procurement District 
ES Eagineering Section 
G Force of gravity 
Gale General Electric 
Gra Governnent Furnished Equipment 
GH] AF General Headcuarters Sir Force 
GO General Order 

. . abl 

bai: gt ‘ s 
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inter.=Desk Vero 
Inter-Office Leno 


Joint jdreratt Counittee 


Laboratory 
Letter of Instruction 


Lilitary Attaché 

Mingstry of Aircraft Production 

“ateriel Command (also Materiel Center) 
wateriel Division 

Liemorandum Report 

Lilitary Intelligence Division 

AC/AS Bateriel, Maintenance, and Distribution 


Naval Attaché 

National Advisory Committee for Aeronautics 

National Uefease Advisory Uormmission (Advisory 
Commission to the Council of National Defense) 


Office of the Ohief of Air Corps 
Office of Froduction Manazenent 
Ordnance Departirent | 


Production Engineering Section, uF 
Froduction 


Roubine and Record Sheet 
Hesident Representative 
Report 


Snecification 


Technical 
Technical Instruction 
Timed Vire Txchange (teletype) 


United Kingdom 
Unsatisfactory Report 
United States Navy 
Under Cecretary of Var 


ving Vormander 

war Department 

drignt Field 

wae Froduction Board 
western Frocurement District 
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The following file and document collections were consulted in the 
preparation of this monograph: 


LAG files, .ashington 
ALF Section, Pentagon Library, ..asningtan 
LAF Historical Office fiies, jashington 
uous 
Centra files, right Field 
Technical Date uibrary, right Ficld 
Contract files, urient Field 
imuacent Laboratory files, ‘right Field 
hircraft Laboratory files, .right Fieid 
Froguction Uivision, Froduction tngineering Section, 
Arsanent Udit fle, .rizat Field 
Production Uivision, Production unpineering section, 
Srecifications franch files, wright Field 
Historical Office filles, urigot Field 


Tne valne of the materials in these several Locations varies 
considerably. The u:G files, including toth open and closed sections, 
are & most useful source of inforreLion revsarding the nontechnical 
aspects of turret developsent—that is, over-sll policy on production, 
tacticil use, etc, The Peatuzyon Library, AAP vection, aay prove of 
erval value in the future, bat it is still too recently organized to 
be a fruitful source in turret msterials, 


The .TS0 Geatral files ab wricht field contain many excellent 
files regarding aireraft arncaaent policy, board reports, etc., but 
the ateriuls on individus: turret manufacturers are superficial as 
compared with the urignt Flesd .arvement Laboratory files, where the 
most oxtensive source of turret development documents, especially with 
regard to technical aspects, is to be found, Unfortunately, the srma~ 
ment Laboratory files are cutalorued not by subject matter but by 
menerditure Order. This system makes research exceedingly lacorious 
pecause oftentimes a single Expenditure Crder covers a multitude of 
developments and the trail of a sinvle project cvts across the filing 
s7ysten, 


The ATSC Contract files at wright +ield provide an excellent 
source of tezanieal information in the specifications attached to 
contracts, but vhe contract correspondence files do little more than 
duplicate the muberiais in Central files. 
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The ATSC Technical Data library's document collection proved 
excertionaily valuable for details on the evolution of aireraft arma- 
ment from the first .orld “ar onward. The attaché reports in the 
document collection provided the only available accurate, detailed, 
technical study of foreign arnament. Comparable files do exist, how- 
ever, in washington, in the files of the fomer OGAC Information Division 
(filed in the iF Yistoricas Office) and, for the period after 1939, in 
the files of the Air Intelligence Library, 


There is almost no published literature of aircraft amament other 
than that of an extremely popular and superficial nature, Even the 
technical publications and aviation neriodicals seldom treat the general 
topic of arranent, and turrets have proportionally less emphasis, Quite 
obviously the reLricted status of armament equipment discourages pub- 
lished articles, but there have been alwost no nontechnical discussions. 
In view of the trenendous volume of material published about aircraft 
in general, it is surprising to discover the utter neglect of armanent 
and armament poliey articles. 


a9s Venufacturers [by name] 

350.05 Britain 

400.271 Tnventions 

452.03 hamifacturers! Overseas Fepresentatives Reports 
45201 Yorbardment Planes 

452.26 Turrets 

LOedk Turrets 

Aq2.91 Armament Recuirenents 

A345 Younts (see both open and closed files.) 


Drum Board Eeport, 11 Cet. 1933, Classified Files (Bulk) 


AF Historical Office Piles 


iM&D Daily Log, Production Branch 


LiF Section, Pentagon Liprary 


ee all 


070/98 Tactical and Technical Trends 


alsG Central Files 


32149 General, ingineering Division Polder 1 
33407 Board Proceedings (closed) 

336 Foreign Jraament 

Ly.) Armanent Development 
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Ala .w8l Bethlehen Torque .mplifier 
LTae8l Pire Control Developuent, prior 1941 
473.05 Bendix, 1940 
47365 General 
47365 Ceneral, Power Turrets 
AT3 05 Gun Turrets ; General, prior 1941 
A153 65 Cun Turrets, 1942 
A735 65 Sperry, 1941 


Kilner Zoard Report and Correspondence 


2733 Technical Data Library 


ag Technical Order 
L1-1=38 NAircraft Combat Vaterial," <), 1942 


4C Technical Reports 

Doo,12/3168 ‘Study conducted to determine feasibility of 
adapting rotating truck type flexible gun 
mount to nose cockpit of bombardment airplanes," 
RD, 1929 

Doo,12/3170 "Study to debermine possible advantages and develop- 
ment of mounting machine guns flexibly on various 
principles of mounts," iD, 1929 

Doo.12.1/3355 ‘Study of method of rounting a floor gun in a 
bombardneat airplane," 2D, 1950 

Boo.12!/3405 "Test of flexible gun mount, remotely controlled," 
uD, 1931 

Doo.12.;/L055 "Study of Flexible Gun Hount,"' 1D, 1935 

Doo.1Zi/4061 “Gun Nounting Arrangements," ED, 1935 

Dv0.12.:/4077 "An outline of prevailing circumstances in the 
field of aircraft armaneat and a recommended 
program of development," [D, 1935 

Doo,12.7/4221 "“Laperimental Flexible Vachine Uun Installation, 
Aw12 ‘irplane," UD, 1937 


D70/88 "Lrmanent Eouipnent on Eonbardment Airplanes,” MD, 

1928 
Lttacht Reports 

622. 311/1 thircraft Armameat and Accessories," AKA, Germany, 
U:334, 1935 

Doo/232 "Gardner-Carroll teport on Trip Abroad," aba, 
Tneland, 1940 

bq70/2 %obes on Aerial Arwament and derial Gunnery,'" uA, 
Italy, 6957, 1923 

70/18 Wircrart “caanent," trenslution by AMA, Franee, 


1923, of article by Capt. vamaux of | Sentre 
dtlouces de 1" .éronautd we 


u70/108 Wairerart gombs saa Armament," 0.1 report 544, 1935 

DPO/L1 Marerart jrmanent aad Aecessories seen et 
Grossenhain Coservation Loit," .u., Germany, 
UWhA5i, 1936 
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070/117 
b70/123 
D70/124 
70/136 
070/14, 
D70/18 
B70/158 
HOA 
70/172. 
170/324 
D72.11/217 
072.24/29 
72.21/57 
U72.11/71 


B72,11/73 


D72.11/89 
D72.13/91 
072,11/93 
072.11 /9h 
D72.11/97 
D72.11/99 
b72.11/102 


D72.11/10k 
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"The Froblem of aircraft Lreament," ALA, France, 
228¢0—., translation from l'seropaile, 1936 

“Grief wumary of Itelian aircraft armement," 
Jui, Ttaly, 1632@, 1937 

‘Gebailed .eport on Ariane nb Installation in 
Italian iireraft," A, Italy, 16346, 1937 

“French Airplane Araunent ana .rior Protection," 
ay France, AY, 1940 

Wiscellancous lircraft Armanent Totes," fii, 
Aneland, 41262, 1940 

"“infornstion,on British /irerart Lrmament and 
Coaments "A, England, 1940 

“'inutes of the Seventh Veeting of the Gun Jub. 
Committee Held ut the Sir lainistry, ‘7 May 1940," 
tA, Cnzliand, 42277, 1940 

UWircraft .rmament," sHA, Dnpland, 4207¢4L, 1941 

"General Yiew of .irmaze vs evelopment in British 
and Gercan fir forces," reprint of KCAF report, 
No, Canada, 22-41, 1941 

wuotation from SAP Gun Sub-Committee," WA, 
parlead, Ad/716, 1941 

(No. 25), "Tentative Lessons, Aviation," AUA, 
Sarland, 163-345, 19h1 

"Description of Larazgui Flexible Cun Mount," ic4, 
France, 1923 

Nvescription of Free Gun Lount on Fiet sx-1 Bomber," 
MA, Italy, 69, 1927 

"Weserlotion of hoolnoven Mechnical Turret," LA, 
France, 13122-., 1927 

“Free machine fun mounts used in Itaiy and methods 
of protection of cumer fron air blast," ia, Italy, 
431, 1930 

N esbland Aireraft Licunbing for Vickers-Lrmstrong 
Colt Aircraft Uiachine Gun," AMA, England, 30999, 
1931 

"Doveyopnent by Bofors Company," UA, Sweden, R725, 
193 

'Mnformation on Machine Gun and Cennon Installations," 
Auk, Italy, 17147, 1939 

"Levelopment of fezobe Control Aircraft Machine Gun 
and Cannon Turrets," AA, hagland, 40982, 1940 

"Advantares of tail turrets for machine guns," Ala, 
Bnopiand, 41007, 1940 

"Description of Bofors Experimental sirplene Turret," 
MA, Sweden, 1294, 1940 

"Inforsation on Boulton and Paul Lirecraft Lachine 
Gun Turret," sri, sneland, 42252, 1941 

"Information on Frazer-Niash and Boulton-Paul Aircraft 
VYachine Gun Turrets," Ni, angiand, 1569, 1940 

"Twenty 1! Gan Turrets," 4.4, Sagiand, 42523, 1941 
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D72211/1.05 "Turrets Haploying Periscopiec Sights,” AA, 
Eacland, 42525, 1941 
U72.11/106 Mesh-fho.pson sifty valiber Turret Levelonnent,, *t 


AVA, Encland, 42536, 1941 
D72.11/108-9 "“Exaninabion oi' sun mounts on Heinkel He-l11 air- 
plane," ANA, England, 42514, 1940 


u72611/116 "inubes of First Meeting of Fifty Caliber Gun 
Turret Fanel Feld 24 Feb. 1941," Ms, England, 
42699, 1941. 

D72.11/118 "eport on improved flexible gun counts," A‘A, 
Eneland, 44574, 1941 

G72.21/11 "Description of }..D cannon turret anu comparison 


with SAT turret," £04, carland, 40897, 1940 
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Boeing XE-17 Contract AC 2306 
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309, Vultee mount 
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209, Gels tail Part for B-23 
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350, Turrets, BoultonPaul ana Frazer=Jash 
357, Consolidated tail turret 
342, Gel. CFC 
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49L, Bendix chin turret 
505, Bendix turret with erect image sight 
515, Study of four gun upper and lower turrets 
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2.0. 553=1-519, Brigres electric ball retraction 
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535, Dartin aided trackine device 
540, Bendix modified Lower in B-17 chin 
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569, Bendix chin 
D.0. 554-1-79, Eperry fire control 
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106, Sperry 370m. inctallation for *hiW1 
116, Westinghouse sun control system 
19, gendix power driven turret 
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130, G.I. CIC (2 file volumes) 
125, Bendix simplified CFC 
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149, GE. CFC Systems 
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Miscellaneous Fire Control Contract File 1940-1911 
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Miscellaneous Correspondence File, 1937=1939 
North auwerican Be25 Contract AC 13258 
Horth american “3-21 Contract AG 11070 
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Patent File, U.S., United Mincdom, German, and French Fatents 
Research and Development File 
Specifications file (closed section) X5-19, XA=-21, %c-26, XB15 
Technical Instruction File 


aisG Production Division, Froduction 
[ngineering Section, armament Unit Files 


iurrets, Brivgs all to Ley Lyb2 
Turrets, Soerry, General to 1941 


ATE Froduction Division, Production Enci- 
neering section, Specification branch Files 


Handbook of Instructions for Airplane Uesirners, editions from 1922 
to i944 with successive enances 
Eneci fications (Chsolete) 22-17(.-0), FE-21, 1B-24, <2-10 
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wictt Historical Offices Files 


Creat jeu ES 
jir Sorps Project seconds? boneitea by Col. 4. J. Lyon (tierofilr), 
vol, 3¢, "Conferences . . « Standardization .« . ." 
Case History rile, "sperry Central Stabion Fire voatrol oysten!" 1944 
Case History File, "%r-71," 1944 
WWistory of the Zurean of Aircreft Froduction," manuscript history 
of orld war I (pregared about 1919-1920) 


Technical TFeriodicals 


erg Wirest 

Air Tech 

‘ray Grdnence (ses coneclelly Uurch-ipril 1944) 
‘rigtion (see especially 1943) 


Persons Interviewed in Cctober 1944, by 
Li. Irvine 2. Holley, dv., Historical Cfifice, Lic0 


Ur, H. L. Anderson, Chiect, Oynawics sranch, .zireraft Leboratory 


Lt. Gol. D2. Goll, Chicr, Fire Goatrol Sranch, wright Field 
Arment Laboratory 


‘y. We Ge Uelcill, ‘deinistrautive Executive, right Field arcaent 
Laboratory 


My, 36 U1. Ekeist, Mechanical cavineer, Fire Control tranch, .risht 
Field zrrarent Laboratory 
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AC system, 122, 133, 176, 179, 
180 (n 6), 187, 202 

Adjutant General, The, 41-42 
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